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ŝŽĚŝǀĞƌƐŝƚǇŝƐŝŶŐůŽďĂůĚĞĐůŝŶĞĂŶĚĂƌŽƵŶĚ ? ?A?ŽĨƚŚĞǁŽƌůĚ ?ƐǀĞƌƚĞďƌĂƚĞƐƉĞĐŝĞƐĂƌĞůŝƐƚĞĚĂƐ
threatened on the IUCN Red List (Baillie et al. 2010; IUCN 2013). Linguistic diversity is also in decline 
ĂŶĚŝƚŝƐďĞůŝĞǀĞĚƚŚĂƚĂƐŵĂŶǇĂƐ ? ?A?ŽĨƚŚĞǁŽƌůĚ ?Ɛ ? ? ?ůĂŶŐƵĂŐĞƐĂƌĞƚŚƌĞĂƚĞŶĞĚǁŝƚŚĞǆƚŝŶĐƚŝŽŶ
this century (Krauss 1992; Nettle and Romaine 2000). It has also been noted that there is a strong 
similarity in the distributions of terrestrial species diversity and linguistic diversity at the global scale, 
with the greatest richness found in the humid tropics and the lowest richness in the cold temperate 
zones (Mace and Pagel 1995; Sutherland 2003; Gavin et al. 2013). The term biocultural diversity has 
come into use to describe the collective diversity of species, languages and cultures around the world 
and their ongoing declines (Maffi 2001b; Harmon 2002). One of the papers presented here develops 
the first national index of biocultural diversity, which confirms the pattern of greatest richness in the 
tropics, particularly in Southeast Asia (Loh and Harmon 2005). 
However, measures of the state of biological, linguistic and biocultural diversity based on richness 
alone simply record the number of species or languages present and ignore underlying trends in 
abundance or populations of species or speakers of languages. Extinction risk has been the most 
widely-used measure of the status of both species and languages, but indicators based on time-series 
population data offer an alternative and more responsive measure of status and trends. The other 
papers presented here describe the development of Living Planet Index (Loh et al. 2005; Collen et al. 
2009), an indicator which aggregates trends in populations of several thousand vertebrate species 
worldwide and shows an overall decline of about 30% over four decades since 1970, and the Index of 
Linguistic Diversity (Harmon and Loh 2010; Loh and Harmon 2014), a closely-related indicator based 
on trends in speaker numbers of around a thousand languages worldwide, and which also shows a 
decline of about 30% over the same period. At the regional level, the respective trends diverge. For 
biodiversity, there was a greater rate of decline in the tropics compared with temperate regions, 
whereas for linguistic diversity, there was a far higher rate of decline in the Americas, Australia and 
the Pacific compared with Africa, Asia and Europe. An analysis of the threat status of 1,500 languages 
using the IUCN Red List criteria reveals that 27% languages are threatened with extinction and 
confirms the regional pattern in the status of languages apparent in the Index of Linguistic Diversity. 
The differing regional patterns between the declines in languages and species reflect differences in 
the proximate drivers of diversity loss, where habitat loss or degradation are the major causes of 
species population declines (Millennium Ecosystem Assessment 2005), while linguistic diversity is lost 
primarily through language shift, a process whereby a politically, socially or economically dominant 
language displaces local or indigenous languages either as a result of colonialization, industrialization 
or migration (Nettle 1999).  
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The Submitted Publications and Author Contributions 
Five publications, dating from 2005 to 2014, are submitted for this PhD by Published Work. Three of 
the publications were co-authored with David Harmon, executive director of the George Wright 
Society, a professional association of people who work in parks, protected areas and cultural sites. 
The other papers were co-authored with colleagues from conservation organizations including WWF, 
UNEP-WCMC, RSPB, TdV and ZSL. The relative contributions of the authors are listed below. In 
chronological order, the published works are: 
1. Jonathan Loh, Rhys E Green, Taylor Ricketts, John Lamoreux, Martin Jenkins, Valerie Kapos 
and Jorgen Randers (2005). The Living Planet Index: using species population time series to 
track trends in biodiversity. Phil. Trans. Royal Society B, 360, 289-295.  
 
Loh conceived the Living Planet Index. Jenkins, Kapos, Loh and staff at WCMC collected the 
data. Loh and Jenkins carried out preliminary data processing. Loh conducted the data 
analysis using the chain method. Green carried out the data analysis using the linear 
modelling method. Lamoreux collected data on species distributions for the 
representativeness analysis and Ricketts carried out the representativeness analysis. Loh and 
Green wrote the text with input from the other authors. This paper was presented at a Royal 
Society discussion meeting entitled Beyond extinction rates: monitoring wild nature for the 
2010 target, 19-20 July 2004. The Living Planet Index was originally devised for the WWF 
Living Planet Report in 1998 (Loh et al. 1998) and developed over the subsequent years (Loh 
et al. 1999; Loh 2000; Loh 2002; Loh and Wackernagel 2004). Until 2004, the LPI in the Living 
Planet Report employed the chain method for calculating the index, devised and calculated 
by Loh in collaboration with Jenkins. Randers came up with the original idea to create an 
index and provided comments on the manuscript. 
 
2. Jonathan Loh and David Harmon (2005). A global index of biocultural diversity. Ecological 
Indicators, 5, 231-241.  
 
Loh and Harmon collected the data. Loh devised the methods and conducted the analyses. 
Loh and Harmon co-wrote the text. The paper was based in part on a report by Harmon and 
Loh produced for Terralingua and presented at the 9th International Convention on 
Ethnobiology at the University of Kent, Canterbury, in 2004 (Harmon and Loh 2004a). 
 
3. Ben Collen, Jonathan Loh, Sarah Whitmee, Louise McRae, Rajan Amin and Jonathan E M 
Baillie (2009). Monitoring change in vertebrate abundance: the Living Planet Index. 
Conservation Biology, 23, 317-327. 
 
Collen and Loh wrote the text with input from the other authors. McRae, Whitmee and staff 
at ZSL collected the data and entered the data into a database. Loh developed the revised 
chain method. Collen and Amin developed the generalized additive modelling method and 
wrote software to carry out the calculations. Collen carried out the representativeness 
analysis. Until 2006, the Living Planet Index was calculated using the chain method (Loh and 
Goldfinger 2006), and is described in the earlier paper by Loh et al. (2005); this paper 
documents significant changes and improvements made in the method for calculating the 
LPI. 
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4. David Harmon and Jonathan Loh (2010). The Index of Linguistic Diversity: a new quantitative 
ŵĞĂƐƵƌĞŽĨƚƌĞŶĚƐŝŶƚŚĞƐƚĂƚƵƐŽĨƚŚĞǁŽƌůĚ ?ƐůĂŶŐƵĂŐĞƐ ?Language Documentation and 
Conservation, 4, 97-151.  
 
The authors contributed equally to this work. Harmon collected the data and entered the 
data into a database. Loh developed the method, processed and analysed the data. Harmon 
and Loh co-wrote the text of the paper. Harmon wrote the text of Appendix A. Loh wrote 
Appendix B. The paper was based on a study carried out for Terralingua, funded by the 
Christensen Fund and presented at the 12th International Congress on Ethnobiology in Tofino, 
British Columbia, in May 2010. Preliminary methods and findings were presented at a 
conference at the American Museum of Natural History entitled Sustaining Cultural and 
Biological Diversity in a Rapidly Changing World, 2-5 April 2008, some of which was later 
published in a book chapter (Harmon, Woodley and Loh 2010), and at the IUCN World 
Conservation Congress in Barcelona, September 2008. 
 
5. Jonathan Loh and David Harmon (Loh and Harmon 2014). Biocultural Diversity: threatened 
species, endangered languages. WWF Netherlands, Zeist, the Netherlands. 60 pages. 
 
Loh and Harmon collected the data. Loh processed the data, developed the methods and 
carried out the analyses. Loh wrote the text with input from Harmon. Results were presented 
at the 36th International LAUD Symposium Endangerment of Languages across the Planet: 
the Dynamics of Linguistic Diversity and Globalization at the University of Koblenz-Landau, 
Germany, 31 March  W 3 April 2014, and at Studium Generale at the University of Utrecht, 3 









The publications presented here are concerned with indicators of global biological, linguistic and 
biocultural diversity. An indicator is a statistic which summarizes some aspect of the state of a system 
in a single variable. GDP, for example, was established as a measure of the productivity of an 
economy (Dickenson 2011), and growth in GDP is the most widely-used indicator of the economic 
development (Jackson 2011). An indicator does not contain information about every aspect of the 
state of an entire system. Average life expectancy at birth is used as an indicator of the overall health 
ŽĨĂĐŽƵŶƚƌǇ ?ƐƉŽƉƵůĂƚŝŽŶ(UNDP 2015). Although there is more to a nation ?ƐŚĞĂůƚŚƚŚĂŶůŝĨĞ
expectancy, it is nevertheless a useful indicator for comparing countries at a glance or tracking trends 
ŝŶĂĐŽƵŶƚƌǇ ?ƐĚĞǀĞůŽƉŵĞŶƚ ?
There is sometimes confusion about the difference between an indicator and an index. An index is a 
metric which does not have units. Many indicators are expressed as an index. The CPI is an index 
which tracks the prices of a selection of goods. Some prices may go up and others may go down, but 
the CPI is designed to reflect prices in general as experienced by a typical consumer. The index is not 
expressed in currency units, but given an arbitrary value in a certain year (100 in 2005). Inflation is 
expressed ĂƐƚŚĞW/ ?Ɛannual percentage change (Office for National Statistics 2015). 
The submitted papers are about the development of three indicators, all of which are expressed as 
indices. The papers describe exactly what these indicators measure and how the indices are 
constructed mathematically. But first it is helpful to be clear about the broad global entities that they 
are trying to measure: what it is that they are indicators of. Biodiversity is a term that can mean 
different things to different people, and linguistic diversity and biocultural diversity are no more 
precise.  
What is biodiversity? 
Biodiversity means different things depending on its context. The OED entry for biodiversity reads 
simply:  “ŝǀĞƌƐŝƚǇŽĨƉůĂŶƚĂŶĚĂŶŝŵĂůůŝĨĞ ?ĞƐƉ ?ĂƐƌĞƉƌĞƐĞŶƚĞĚďǇ ƚŚĞ ŶƵŵďĞƌŽĨĞǆƚĂŶƚƐƉĞĐŝĞƐ ?(OED 
Online 2016a). Kevin Gaston (1996b) describes three different meanings of the term biodiversity: one 
generic, one scientific and one political. The first is a concept synonǇŵŽƵƐǁŝƚŚƚŚĞ “ǀĂƌŝĞƚǇŽĨůŝĨĞ ? or 
 “ůŝĨĞŽŶĂƌƚŚ ?. This concept is extremely broad, and biologists generally recognize diversity at three 
levels: genetic, species or organism, and community or ecosystem (Groombridge 1992; Harper and 
Hawksworth 1994). The most widely used definition of biodiversity, which comes from the UN 
Convention on Biological Diversity, captures this breadth and is interpreted to refer explicitly to those 
three levels:  
 “Biological diversity ?ŵĞĂŶƐƚŚĞǀĂƌŝĂďŝůŝƚǇĂŵŽŶŐůŝǀŝŶŐŽƌŐĂŶŝƐŵƐĨƌŽŵĂůůƐŽƵƌĐĞƐŝŶĐůƵĚŝŶŐ ?
inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of 
which they are part; this includes diversity within species, between species and of 
ecosystems. (CBD Secretariat 1994) 
'ĂƐƚŽŶ ?ƐƐĞĐŽŶĚ ?ŵŽƌĞƐĐŝĞŶƚŝĨŝĐŵĞĂŶŝŶŐŽĨƚŚĞƚĞƌŵƌĞĨƌƐƚŽďŝŽĚŝǀĞƌƐŝƚǇĂƐ a measurable entity. 
Biodiversity as a generic concept does not represent a single coherent unity which can be measured 
by a single variable (Gaston 1996b). Any measure of biodiversity, therefore, can only quantify some 
aspect of biodiversity and not its totalitǇŝŶƚŚĞƐĞŶƐĞŽĨ “>ŝĨĞŽŶĂƌƚŚ ? ?ŶŶĞDĂŐƵƌƌĂŶ(2010) 
highlights this point: 
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In practice, to assess how much diversity we have and what it does, we need to be more 
specific about the aspect of biodiversity we are concerned with, and the area and time frame 
over which we want to measure it. For example, we might consider the types and relative 
abundances of species of trees in a forest, or the genetic diversity associated with the 
individuals of those species, or even how the number and composition of forests across a 
biogeographic region have changed over the past century. 
In Measuring Biological Diversity, Magurran (2004) focuses on biodiversity as  “ƚŚĞǀĂƌŝĞƚǇĂnd 
ĂďƵŶĚĂŶĐĞŽĨƐƉĞĐŝĞƐŝŶĂĚĞĨŝŶĞĚƵŶŝƚŽĨƐƚƵĚǇ ?, making ƐƉĞĐŝĞƐ “ƚŚĞĐŽŵŵŽŶĐƵƌƌĞŶĐǇŽĨĚŝǀĞƌƐŝƚǇ ? ?
Gaston (1996a) similarly argues that the species can be viewed as  “ ?the fundamental unit of 
biodiversity, species richness as the fundamental meaning of biodiversity, and the high level of 
ƐƉĞĐŝĞƐĞǆƚŝŶĐƚŝŽŶĂƐƚŚĞŵĂŝŶŵĂŶŝĨĞƐƚĂƚŝŽŶŽĨƚŚĞďŝŽĚŝǀĞƌƐŝƚǇĐƌŝƐŝƐ ? ?
Because species richness is the most readily measurable aspect of biodiversity, it is sometimes 
treated as the only measure of biodiversity, and species extinction and extinction risk are widely used 
indicators of biodiversity loss (Smith et al. 1993; IUCN 1996; IUCN and WCMC 1998; Butchart et al. 
2004; Butchart et al. 2005; IUCN 2013). While species are generally discrete entities which are easier 
to count and quantify than genes or ecosystems, those lower and higher levels of biodiversity are not 
captured by species richness. 
'ĂƐƚŽŶ ?ƐƚŚŝƌĚŵĞĂŶŝŶŐŽĨďŝŽĚŝǀĞƌƐŝƚǇĂƐa social or political construct (Gaston 1996b) describes not 
a neutral scientific concept, but a value-laden one. Biodiversity was originally coined and gained 
popularity as a term for a public good which should be conserved. Oxford Dictionaries online gives a 
definition of biodiversity which captures this sense:  “dŚĞǀĂƌŝĞƚǇŽĨƉůĂŶƚĂŶĚĂŶŝŵĂůůŝĨĞŝŶƚŚĞǁŽƌůĚ
oƌŝŶĂƉĂƌƚŝĐƵůĂƌŚĂďŝƚĂƚ ?ĂŚŝŐŚůĞǀĞůŽĨǁŚŝĐŚŝƐƵƐƵĂůůǇĐŽŶƐŝĚĞƌĞĚƚŽďĞŝŵƉŽƌƚĂŶƚĂŶĚĚĞƐŝƌĂďůĞ ?
(Oxford Dictionaries n.d.).  
Indeed, the CBD definition of biodiversity in the broad sense is also a political construct, not only 
because it has been accepted by 196 governments ?ďƵƚďĞĐĂƵƐĞƚŚĞǀĞƌǇƉƵƌƉŽƐĞŽĨƚŚĞŝƐ “ ?ƚŚĞ
conservation of biological diversity, the sustainable use of its components and the fair and equitable 
sharing of the benefits arising ŽƵƚŽĨƚŚĞƵƚŝůŝǌĂƚŝŽŶŽĨŐĞŶĞƚŝĐƌĞƐŽƵƌĐĞƐ ? ?(CBD Secretariat 1994).  
If conserving biodiversity in its broadest sense, encompassing genetic, species and ecosystem 
diversity, is considered important and desirable, then it raises the question of how this can be 
measured. How, for example, can we know whether the objective of the CBD has been achieved? 
This is a relevant question here because two of the indicators described in the submitted publications 
have been adopted by the CBD and developed in the context of its 2010 and 2020 targets 
(Biodiversity Indicators Partnership 2013a; Biodiversity Indicators Partnership 2013b; CBD Secretariat 
2014; UNEP-WCMC 2016a; UNEP-WCMC 2016b; UNEP-WCMC 2016c).  
What is Linguistic Diversity? 
One of the themes running through this work is the analogy between species and languages, which 
share a number of similarities. Darwin observed that languages, like species, lend themselves to a 
ŚŝĞƌĂƌĐŚŝĐĂůƐǇƐƚĞŵŽĨĐůĂƐƐŝĨŝĐĂƚŝŽŶŝŶ “ŐƌŽƵƉƐǁŝƚŚŝŶŐƌŽƵƉƐ ?ĂƐĂƌĞƐƵůƚŽĨĞǀŽůƵƚŝŽŶĂƌǇĚĞƐĐĞŶƚ
from a common ancestor (Darwin 1871). If a language is analogous to a species, then a speaker is 
analogous to an organism, a linguistic community to a population, a dialect to a subspecies, a 
language family to a higher taxonomic grouping of species such as a family or order, and a language 
superfamily or stock to a class or phylum (Fig. 1).  
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Figure 1: Parallel hierarchical classification of a) linguistic and b) biological diversity, after Harmon (1996)  
Like biodiversity, linguistic diversity too can mean a generic concept, a measurable entity or a 
political construct. Under the generic concept, Daniel Nettle (1999) defines three kinds of linguistic 
diversity. The first is the number of languages in a given area or population, which he calls language 
diversity, and is equivalent to species richness in biology. It is referred to here as language richness.  
Linguists refer ƚŽEĞƚƚůĞ ?Ɛ second kind of diversity as genetic diversity, which is analogous to 
phylogenetic diversity in biology. It reflects the degree of difference between languages in terms of 
their sound systems (phonology), word formation (morphology) and grammar, and is a function of 
the evolutionary relationships between languages. Most of the languages of Europe, for example, 
belong to a single language family and are more closely related to each other than are the languages 
of South America, which belong to many different families, some of which have only a single member 
(a language isolate, equivalent to a monophyletic species). South America therefore can be said to 
have more phylogenetic linguistic diversity than Europe (Nettle 1999).  
The third kind of diversity Nettle calls structural diversity, and refers to the variation in structures 
such as typology  W the order in which subject, verb and object appear in a sentence  W or the size of 
phoneme inventory, which can vary from as low as 11 to more than 100 phonemes in some African 
languages (Nettle 1999). Interestingly there is no clear relationship between phylogenetic and 
structural diversity. Structural diversity in linguistics would, in this respect, appear to be similar to 
karyotype diversity in biology, the variation between species in the number of chromosomes, which 
ranges from one (the ant Myrmecia) to 630 pairs (Ophioglossum fern). Even closely related species 
differ, for example Atlantic salmon Salmo salar has 29 pairs of chromosomes compared with 40 in 
the sea trout Trutta trutta (McVean 2002). 
When it comes to treating linguistic diversity as a measurable entity it is necessary to focus on one of 
these levels of diversity, and language richness is the most widely used (Gavin et al. 2013). 
Phylogenetic diversity is very difficult to measure in languages, and linguists disagree about the 
ƌĞůĂƚŝŽŶƐŚŝƉƐďĞƚǁĞĞŶůĂŶŐƵĂŐĞƐ ?tŚŝůĞŵŽƐƚůŝŶŐƵŝƐƚƐĂŐƌĞ ?ĨŽƌĞǆĂŵƉůĞ ?ǁŝƚŚ:ŽƐĞƉŚ'ƌĞĞŶďĞƌŐ ?Ɛ
classification of African languages into four main families (Greenberg 1963), they disagree about his 
classification of the indigenous languages of the Americas (Greenberg 1987; Greenberg 1996) as 
belonging to a single Amerind superfamily or stock (Nettle 1999). Identifying high-level linguistic 
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groupings is problematic because of an important difference between languages and species. While 
species other than bacteria rarely exchange genetic material with another species, languages 
commonly borrow words, phrases and even grammar from neighbouring languages. English, for 
example, belongs to the Germanic language family but has incorporated a large part of its vocabulary 
from French, a member of the Italic family. This borrowing or inheriting material from non-ancestral 
languages makes it difficult to construct phylogenies. Another problem is that languages evolve much 
faster than species, so similarities between languages due to common ancestry will have almost 
completely disappeared if the ancestral language existed at great time depth (Pagel et al. 2013). 
Beyond 9,000 years it becomes almost impossible to discern common ancestry, although Mark Pagel 
and colleagues (2013) ƵƐĞĚƌĞůĂƚŝŽŶƐŚŝƉƐďĞƚǁĞĞŶ “ƵůƚƌĂĐŽŶƐĞƌǀĞĚ ?ǁŽƌĚƐƚŽĚĞƌŝǀĞĂĚĂƚĞŽĨĂďŽƵƚ
15,000 years ago for the ancestor of a Eurasiatic superfamily. 
Linguistic structure varies in many dimensions, so structural diversity is no easier to measure than 
phylogenetic diversity. Even if it could be measured, it would say nothing about the other two kinds 
of linguistic diversity, and would not be particularly useful. Language richness therefore has become 
the default measure of linguistic diversity and has been used in most quantitative studies of the 
subject (Mace and Pagel 1995; Nettle 1998; Nettle 1999; Moore et al. 2002; Sutherland 2003; Fincher 
and Thornhill 2008; Gavin and Sibanda 2012). 
Linguistic diversity is also a political construct. Language is a central component of social and political 
identity, particularly for minority ethnolinguistic groups (Bernard 1992; Nettle and Romaine 2000; 
Reyhner 2007; Collin 2010) and conserving linguistic diversity is sometimes but not universally 
deemed to be desirable. In addition, linguistic diversity may be used as an indicator of cultural 
diversity which, similarly, is a value-laden term. 
The CBD ?ƐƐƚƌĂƚĞŐŝĐƉůĂŶ includes a target on the conservation of  “ƚƌĂĚŝƚŝŽŶĂůŬnowledge, innovations 
ĂŶĚƉƌĂĐƚŝĐĞƐŽĨŝŶĚŝŐĞŶŽƵƐĂŶĚůŽĐĂůĐŽŵŵƵŶŝƚŝĞƐ ?(CBD Secretariat 2004), creating a need for new 
cultural indicators, alongside biodiversity indicators. While there are some indicators available that 
can measure such traditional knowledge, innovations and practices at the local scale, such as the 
Vitality Index of Traditional Environmental Knowledge (Zent and Maffi 2007), these indicators are not 
suitable for measuring broader national, regional or global trends. However, it may be possible to do 
so with proxy indicators. Given that traditional knowledge is often maintained and transmitted in 
indigenous and local languages (Harmon 2001; Maffi 2001a; Maffi 2001b; Skyhawk 2012), indicators 
of the state of global linguistic diversity are the best proxies for traditional knowledge and practices 
at the national to global scale currently available. Although the indicators described in the submitted 
publications were not developed specifically for the CBD, they have been used by the CBD Secretariat 
for tracking progress towards the 2010 and 2020 targets (Biodiversity Indicators Partnership 2013b; 
CBD Secretariat 2014). 
What is Biocultural Diversity? 
If the broad concepts of biodiversity and linguistic diversity are hard to define, then biocultural 
diversity is broader and harder. For biocultural diversity, the distinction between generic concept and 
political construct is blurred. The concept of biocultural diversity arose directly as a consequence of 
the fact that something was being lost, and those who promoted the concept also argued for its 
conservation, hence the concept began as a value-laden one. 
Biocultural diversity was first discussed in the 1980s when linguists and anthropologists began 
reporting on the decline in indigenous languages and traditional cultures; they made comparisons 
with threatened species and biodiversity loss by way of analogy, but without making deeper 
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connections between biological and linguistic diversity (Maffi 2001a). The International Society of 
Ethnobiology (ISE) was among the first international fora at which biocultural diversity was discussed, 
and issued the Declaration of Belém ĂƚŝƚƐŝŶŝƚŝĂůŵĞĞƚŝŶŐŝŶ ? ? ? ? ?ǁŚŝĐŚƐƚĂƚĞĚ P “ƐĞƚŚŶŽďŝŽů ŐŝƐƚƐ ?
wĞĂƌĞĂůĂƌŵĞĚƚŚĂƚ ? ?ŵĂŶǇƐƉĞĐŝĞƐ ?ďŽƚŚƉůĂŶƚĂŶĚĂŶŝŵĂů ?ĂƌĞƚŚƌĞĂƚĞŶĞĚǁŝƚŚĞǆƚŝŶĐƚŝŽŶ ?ĂŶĚ
ŝŶĚŝŐĞŶŽƵƐĐƵůƚƵƌĞƐĂƌŽƵŶĚƚŚĞǁŽƌůĚĂƌĞďĞŝŶŐĚŝƐƌƵƉƚĞĚĂŶĚĚĞƐƚƌŽǇĞĚ ? ?ĂŶĚ ?ƚŚĂƚƚŚĞƌĞŝƐĂŶ
ŝŶĞǆƚƌŝĐĂďůĞůŝŶŬďĞƚǁĞĞŶĐƵůƚƵƌĂůĂŶĚďŝŽůŽŐŝĐĂůĚŝǀĞƌƐŝƚǇ ? ?(ISE n.d.).  
In an article entitled Maintaining Biocultural Diversity, Adela Baer (1989) argued for the conservation 
ŽĨ “ďŝŽĐƵůƚƵƌĂůŚƵŵĂŶĚŝǀĞƌƐŝƚǇ ? ?by which she was referring not to the global diversity of biological 
species and human cultures, but to genetic and cultural diversity within the human species alone. 
Nevertheless, Baer argued that because isolated and endangered ethnic groups are both genetically 
and culturally adapted to life in diverse physical and biotic environments all around the world, and 
because the most sustainable long-term strategy for the conservation of threatened habitats and 
species is to work with local populations rather than try to exclude them,  “ ?ƚŚĞĐŽŶƐĞƌǀĂtion of 
human diversity is ĐůŽƐĞůǇƚŝĞĚƚŽƚŚĞĐŽŶƐĞƌǀĂƚŝŽŶŽĨĂůůůŝǀŝŶŐĚŝǀĞƌƐŝƚǇ ? ?ĂĞƌ also pointed out that 
the extinction of endangered human cultures is irreversible, just as it is for species, and yet receives 
far less attention.  
As the term biodiversity gained popularity, the notion behind biocultural diversity was that the 
 “ǀĂƌŝĞƚǇŽĨůŝĨĞŽŶĂƌƚŚ ?ƐŚŽƵůĚĞǆƉůŝĐŝƚůǇŝŶĐůƵĚĞŚƵŵĂŶůŝŶŐƵŝƐƚŝĐĂŶĚĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇƚŽŽ ?Luisa 
DĂĨĨŝ ?ƐĚĞĨŝŶŝƚŝŽŶŽĨďŝŽĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇconveys the idea that biological and cultural diversity 
interact and influence one another over time; that human cultures evolve over time through close 
and constant association with other species present in the ecosystems which humans inhabit, and 
that many of those other species have become adapted to living with humans P “ŝŽĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇ
comprises the diversity of life in all of its manifestations: biological, cultural, and linguistic, which are 
interrelated (and possibly coevolved) within a complex socio-ecological adaptive sǇƐƚĞŵ ?(Maffi 
2007). Terralingua, the NGO of which Maffi is president, describes biocultural diversity as:  
 ?ĚŝǀĞƌƐŝƚǇŝŶďŽƚŚŶĂƚƵƌĞĂŶĚĐƵůƚƵƌĞ ?/ƚ ?ƐĂůŝǀŝŶŐŶĞƚǁŽƌŬŵĂĚĞƵƉŽĨƚŚĞŵŝůůŝŽŶƐŽĨƐƉĞĐŝĞƐ
of plants and animals that have evolved on Earth, and of the thousands of human cultures 
and languages that have developed over time. Languages, cultures, and ecosystems are 
ŝŶƚĞƌĚĞƉĞŶĚĞŶƚ ?dŚĞǇ ?ƌĞďŽƵŶĚƚŽŐĞƚŚĞƌƚŚƌŽƵŐŚƚŚĞŵǇƌŝĂĚǁĂǇƐŝŶǁŚŝĐŚƉĞŽƉůĞŚĂǀĞ
interacted with the natural environment. (Terralingua n.d.) 
The ISE established the Global Coalition for Biocultural Diversity in 1990  “ƚŽĞŶĐŽƵƌĂŐĞƚŚĞ
permanent and meaningful dialogue between indigenous peoples, scientists and environmentalists 
ŝŶŽƌĚĞƌƚŽĚĞǀĞůŽƉĂƵŶŝĨŝĞĚƐƚƌĂƚĞŐǇƚŽĚĞĨĞŶĚƚŚĞďŝŽůŽŐŝĐĂůĂŶĚĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇŽĨƉůĂŶĞƚĂƌƚŚ ? ?
Biocultural diversity carried the idea that the areas of highest biological and linguistic diversity in the 
world are places inhabited by indigenous or traditional people (Cocks 2010). Biocultural diversity also 
became associated with hotspots, particularly in tropical forests, where both linguistic diversity and 
terrestrial biodiversity are high (Harmon 1996; Gorenflo et al. 2012).  
The identification of hotspots and their association with indigenous peoples led to the perception 
firstly that biocultural diversity is a concept primarily concerned with those areas and peoples, and 
secondly that conservationists seeks to preserve biocultural diversity in a fixed, primordial state 
(Cocks 2006; Brosius and Hitchner 2010; Cocks 2010). While Brosius and Hitchner challenge the idea 
that culture is fixed in time and space, Michele Cocks argues that:  “ ?the theory of bio-cultural 
ĚŝǀĞƌƐŝƚǇƐŚŽƵůĚĞǆƚĞŶĚƚŚĞƚĞƌŵ ‘ŝŶĚŝŐĞŶŽƵƐ ?ůŽĐĂů ?ƉĞŽƉůĞƚŽŝŶĐůƵĚĞŵŽre varied social groups ?
(Cocks 2010), and that it  “ ?ĨĂŝůƐƚŽƚĂŬĞŝŶƚŽĂĐĐŽƵŶƚƚŚĞŵƵůƚŝƉůĞĚŝŵĞŶƐŝŽŶƐŽĨĐƵůƚƵƌĞ ?ĨŽƌĞǆĂŵƉůĞ ?
how aspects of culture can be modified, adapted, and maintained despite changes a community 




(Cocks 2006).  
Biocultural diversity is not of course restricted to tropical hotspots and is global in scope. Elands et al. 
(2015), for instance, discuss urban biocultural diversity in European cities, particularly in relation to 
the use of green open spaces. The Florence declaration on the links between biological and cultural 
diversity in the European context (UNESCO and CBD Secretariat 2014) recognises that the European 
landscape is  “predominantly a biocultural multifunctional landscape... [resulting] from the 
combination of historical and on-going environmental and land use processes and cultural 
heritage ? ?Nor should it be true that biocultural diversity conservation implies suspended animation. 
Culture and language evolve as species do, and without evolutionary processes biocultural diversity 
would not exist. 
Part of the difficulty of discussing and defining biocultural diversity is that the subject matter crosses 
the divide between the natural and social sciences (Harmon 2001). Interdisciplinarity is necessary in 
trying to define, understand and measure biocultural diversity (Newing 2010). Loh and Harmon 
(2005) provide a transďŽƵŶĚĂƌǇĚĞĨŝŶŝƚŝŽŶŽĨďŝŽĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇĂƐ P “ ?ďŝŽůŐŝĐĂůĚŝǀĞƌƐŝƚy at all its 
levels, from genes to populations to species to ecosystems; cultural diversity in all its manifestations 
(including linguistic diversity), ranging from individual ideas to entire cultures; and, importantly, the 
interactions among all of these. ? 
Measuring Biodiversity, Linguistic Diversity and Biocultural Diversity 
The submitted publications describe methods for measuring biodiversity, linguistic diversity and 
biocultural diversity. All three are multi-dimensional entities and therefore no single measure can 
capture all dimensions. Nevertheless, the intention behind the indicators was to provide a proxy for 
the state of the entity in its sense of an overall, generic concept. Professional conservationists and 
concerned members of the public are interested to know how biological or linguistic diversity is 
changing over time, at a global scale, as well as to be able to compare regions or countries. Another 
important characteristic of a useful generic indicator is that it must be easily understandable by a 
non-technical audience (Gregory et al. 2005). Clearly there will be no perfect measure, but the 
challenge is to come up with something that will be of use.  
Species and language richness have been the most widely used measures of biological and linguistic 
diversity. There are several short-comings associated with the use of richness data as an indicator. 
First, richness gives very little information about diversity at the genetic level, either variation within 
a species or language (intraspecific/linguistic diversity) or variation between species (phylogenetic or 
interspecific/linguistic diversity). A group comprising lions, tigers, leopards and jaguars (or Danish, 
Norwegian, Swedish and Icelandic speakers) is equivalent in richness to a group consisting of lions, 
swans, anacondas and whale sharks (or Danish, Basque, Javan and !Kung speakers), but clearly one is 
more phylogenetically diverse than the other. Until recently, phylogenetic relationships had not been 
sufficiently well mapped to develop a quantitative genetic diversity indicator. However, advances in 
generating phylogenetic trees in both biology (Isaac et al. 2007; Bininda-Emonds et al. 2008; 
McCormack et al. 2013; Prum et al. 2015) and linguistics (Gray and Jordan 2000; Gray and Atkinson 
2003; Gray, Atkinson and Greenhill 2011) may mean that this will change. 
Secondly, richness gives little information about ecological diversity. There is no direct equivalent of 
ecosystem diversity with languages, although one could argue that there is an analogy with types of 
human society or traditional livelihood that have evolved in different ecosystems, such as tropical 
coastal fisher, arid-zone nomadic pastoralist, mountain pastoralist, temperate lowland farmer, and 
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so forth, each of which are associated with particular languages. By this analogy, a group of four 
indigenous Amazonian languages, even though they may be distantly related, would be less diverse 
than a group consisting of languages representing four very different cultures or lifestyles.  
A third problem with species or language richness as indicators is that they are rather static, and only 
change very slowly with time. They are not suited to conveying the population declines over annual 
to decadal time-scales. The richness of a group of species or languages remains constant until one or 
more of its members goes extinct, even if members of the group have declined in number to the 
point of near extinction. Extinction has been the principal way in which the loss of species and 
languages is measured and discussed since the 1980s. Both biologists and linguists have argued that 
we are facing an extinction crisis (Krauss 1992; Wilson 1994; Heywood and Watson 1995; Leakey 
1996). Biologists estimate that the current extinction rate of amphibian, bird and mammal species is 
between 100 and 1,000 times higher than the average background rate seen in the fossil record, and 
the rate for all species is expected to rise 10-100 times higher in the future (Millennium Ecosystem 
Assessment 2005; Baillie et al. 2010). Projections based on future habitat loss due to climate change 
estimate that 18- ? ?A?ŽĨƐƉĞĐŝĞƐǁŝůůďĞ ‘ĐŽŵŵŝƚƚĞĚƚŽĞǆƚŝŶĐƚŝŽŶ ?ďǇ ? ? ? (Thomas et al. 2004). The 
introduction to the Convention on Biological Diversity describes its genesis as a response to the fact 
ƚŚĂƚ “^ƉĞĐŝĞƐĞǆƚŝŶĐƚŝŽŶĐĂƵƐĞĚďǇŚƵŵĂŶĂĐƚŝǀŝƚŝĞƐĐŽŶƚŝŶƵĞƐĂƚĂŶĂůĂƌŵŝŶŐƌĂƚĞ ? (CBD Secretariat 
1994).  
Similar arguments have been made about linguistic diversity. Michael Krauss (1992) estimated that 
90% ŽĨƚŚĞǁŽƌůĚ ?ƐůĂŶŐƵĂŐĞƐǁŝůůŐŽĞǆƚŝŶĐƚƚŚŝƐĐĞŶƚƵƌǇ ?a much-cited statistic (Pinker 1995; Nettle 
and Romaine 2000). This projection was based on the numbers of languages that Krauss believed to 
be either moribund, meaning no longer being learnt by children, or endangered, which he defined as 
having fewer than 100,000 speakers, about 9 ?A?ŽĨƚŚĞǁŽƌůĚ ?Ɛ ? ? ? ? ?ůĂŶŐƵĂŐĞƐknown at the time. 
'ŝǀĞŶƚŚĂƚŵŽƐƚŽĨƚŚĞǁŽƌůĚ ?ƐůĂŶŐƵĂŐĞƐĂƌĞƐƉŽŬĞŶďǇĨĞǁĞƌƚŚĂŶ ? ? ? ? ? ?ƉĞŽƉůĞ(Lewis 2009), and 
have always been so, it is not fair to assume that a small population necessarily means a language is 
ĞŶĚĂŶŐĞƌĞĚ ?/ĨǁĞƚĂŬĞ<ƌĂƵƐƐ ?ƐĞƐƚŝŵĂƚĞŽĨƚŚĞƉĞƌĐĞŶƚĂŐĞŽĨůĂŶŐƵĂŐĞƐǁŚŝĐŚĂƌĞŵŽƌŝďƵŶĚ ?ƚŚŝƐ
would mean that 20-50% of all languages are committed to extinction. 
The problem with statements about extinction projections is that they say nothing about the current 
rate of biodiversity or linguistic diversity loss. Biologists cannot say how many species went extinct 
last year, or even in the last 20 years. A species cannot be declared to have recently gone extinct in 
the ǁŝůĚďĞĐĂƵƐĞ ?ůŝŬĞ<ĂƌůWŽƉƉĞƌ ?ƐďůĂĐŬƐǁĂŶƐ(Popper 1959), absence of evidence is not evidence 
of absence. Occasionally a species which was believed to have been extinct has been rediscovered  W 
so-called Lazarus species  W such as the yellow-tailed woolly monkey (Mittermeier, de Macedo and 
Luscombe 1975) or the Lord Howe Island stick insect (Priddel et al. 2003).  
The main feature of two of the indicators described in these publications  W the Living Planet Index 
and the Index of Linguistic Diversity  W is that they are based on trends in population (or number of 
speakers) across a large sample of species or languages, rather than on richness. This has two 
significant advantages over measures based of richness alone, or extinction. Firstly, it is possible to 
reveal short to medium-term trends. A population change of a few percent per year is easily 
discernible over annual to decadal time scales. Population-based indicators can therefore be 
described as being more sensitive than richness indicators. Secondly, provided that the sample of 
species or languages is representative, a measure based on average or aggregate population trend is 
indicative of diversity as a broader, generic concept. This is because population trends are not 
actually a measure of diversity in the strict mathematical sense, but can be considered an indicator of 
the state or health of  “ůŝĨĞŽŶĂƌƚŚ ? in a general sense. Unlike the LPI and ILD, the Index of 
Biocultural Diversity is based on richness data, and as a consequence it is static and does not track 
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changes over time. However, it combines measures of biological and cultural richness to create what 
remains the only quantitative indicator of global biocultural diversity.  
A drawback of focusing on quantitative indicators is that they steer target-setting towards readily-
measurable objectives, which are not necessarily the most important. Not all objectives are easily 
quantified and progress towards them can be monitored only by qualitative means. The CBD Aichi 
Target 18, for example, wŚŝĐŚŵŽƐƚĐůŽƐĞůǇƌĞůĂƚĞƐƚŽďŝŽĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇ ?ƌĞĂĚƐ P “Ǉ ? ? ? ? ?ƚŚĞ
traditional knowledge, innovations and practices of indigenous and local communities relevant for 
the conservation and sustainable use of biodiversity, and their customary use of biological resources, 
ĂƌĞƌĞƐƉĞĐƚĞĚ ?ĂƚĂůůƌĞůĞǀĂŶƚůĞǀĞůƐ ? ?(Biodiversity Indicators Partnership 2013a). The active word in 
ƚŚĞƚĂƌŐĞƚŝƐ “ƌĞƐƉĞĐƚĞĚ ? ?ǁŚŝĐŚŝƐhard to quantify. Parties to the CBD must rely on narrative 
accounts of progress to Target 18. Quantitative indicators are a complement to detailed qualitative 
knowledge of biocultural diversity, not a substitute for it. It is recognized that global or regional 
indices such as the IBCD, LPI or ILD are useful when used to provide a simplified overview of a 
complex picture, and contextual data for informing policy frameworks, but not for guiding locally-
specific policy decisions. 
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Development of the Indicators 
The Living Planet Index (LPI) 
The LPI was conceived as part of WWF ?Ɛ Living Planet Campaign which ran from 1997 to 2000. The 
original idea of Jorgen Randers, then with WWF-International and one of the co-authors of the paper 
submitted (Loh et al. 2005), was to develop an index which would answer the question,  “ŚŽǁĨĂƐƚĂƌĞ 
we losing nature? ? At the time, the most widely used measure of the state of global biodiversity was 
the number or proportion of known species listed as threatened (World Resources Institute 1996; 
UNEP 1999; OECD Environment Directorate 2001; Prescott-Allen 2001) on the IUCN Red List (IUCN 
1996; IUCN and WCMC 1998). The first LPI was designed to show the changing state of forests, 
freshwater and marine ecosystems worldwide, and was based on trends in global forest cover and 
populations of freshwater species and marine species (Fig. 2). It was ƉƵďůŝƐŚĞĚŝŶtt& ?ƐLiving 
Planet Report 1998 in collaboration with WCMC ĂƐĂŵĞĂƐƵƌĞŽĨ “ƚŚĞŚĞĂůƚŚŽĨƚŚĞǁŽƌůĚ ?ƐŶĂƚƵƌĂů
ĞĐŽƐǇƐƚĞŵƐĂŶĚďŝŽĚŝǀĞƌƐŝƚǇ ? ?Loh et al. 1998) .  
 
Subsequently, global forest cover was replaced by average trends in populations of forest species 
worldwide (Loh 2000) and, later, populations of any terrestrial species (Loh and Wackernagel 2004). 
With these changes, the LPI became entirely an index of trends in species abundance.  
In July 2004 the Royal Society held a discussion meeting entitled Beyond extinction rates: monitoring 
wild nature for the 2010 target. The first publication submitted here is the paper on the LPI from that 
meeting (Loh et al. 2005). Defined as the average of the three biome indices, giving equal weight to 
marine, freshwater and terrestrial species, the global LPI showed a 24-48% decline over 30 years (Fig. 
3). One important advance in the LPI method made for that paper was the calculation of confidence 
intervals by bootstrapping. 
In 2006, a new LPI database, data collection and data management system were established at ZSL. 
The volume of species population time-series data increased significantly (Fig. 4). The method for 
calculating the LPI was also improved by shifting from a five-yearly to an annual basis, using log-linear 
interpolation to estimate annual species abundance values, and fitting general additive models to 
time-series comprising more than six data points. Software was written in R to enable the index and 
confidence limits to be calculated automatically. A second paper on the LPI was published to 
document these changes to the method and update the results (Collen et al. 2009). 
Figure 2: The first Living Planet Index from WWF Living Planet Report 1998: a) the aggregated global index, b) forest, 
freshwater and marine biome indices 




Figure 3: Living Planet Index (from Loh et al. 2005) a) Global LPI with 95% confidence intervals and b) LPIs for terrestrial (T), 
freshwater (FW) and marine (M) systems with 95% confidence intervals 
Figure 4: Number of species in the 
LPI in successive editions of Living 








The Index of Biocultural Diversity (IBCD) 
The IBCD (Loh and Harmon 2005) was an attempt to create the first measure of biocultural diversity 
at the national level. The nature of the data available meant that the indicator would measure 
biocultural diversity at a single point in time, approximately the end of the 20th century. The index 
made use of data from multiple sources on linguistic, religious and ethnic diversity as well as (wild) 
plant, bird and mammal species diversity to score 221 countries and territories in terms of their 
overall biocultural diversity. Insufficient data were available to include domesticated species or 
cultivated varieties. Cultural and biological diversity were equally weighted in the index. Three 
different indices were produced, one based on unadjusted richness (IBCD-RICH), a second adjusted 
for land area (IBCD-AREA) and a third adjusted for population (IBCD-POP). Overall, Indonesia and 
Papua New Guinea were the countries with the highest IBCD scores (Fig. 5). 




Figure 5: Index of Biocultural Diversity, area-adjusted (IBCD-AREA). Red (0.7-1.0) > orange (0.6-0.7) > brown (0.5-0.6) > 
green (0.4-0.5) > yellow (0.0-0.4); 1.0 is the highest possible score and 0.0 the lowest (Loh and Harmon 2005). Indonesia and 
WĂƉƵĂEĞǁ'ƵŝŶĞĂŚĂǀĞƚŚĞǁŽƌůĚ ?ƐŚŝŐŚĞƐƚƐĐŽƌĞƐĂƚ ? ? ?ĂŶĚ ? ? ? ?ƌĞƐƉĞĐƚŝǀĞůǇ ? 
The Index of Linguistic Diversity (ILD)  
The ILD measures trends in linguistic diversity by applying the LPI method to data on numbers of 
speakers of languages. The ILD was part of a larger project funded by the Christensen Fund, Global 
Indicators of the Status and Trends of Linguistic Diversity and Traditional Knowledge, which began in 
2007 along with work on another indicator, VITEK, developed by Stanford Zent of IVIC in Venezuela. 
One objective of the project was to compare global trends in linguistic diversity with trends in 
biodiversity (Harmon and Loh 2009). 
Time-series data were compiled on numbers of speakers of 1,500 languages, around one fifth of the 
ǁŽƌůĚ ?ƐƚŽƚĂů. For each language, the ILD calculates how its share of the global or regional population 
changes over time. For a selection of languages, the ILD calculates how their average share of the 
global or regional population changes over time. The global ILD declined by about 20% between 1970 
and 2005, but the regional trends varied between +7% (Eurasia) and -64% (Americas) over the same 
period (Fig. 6). 
Figure 6: Index of Linguistic Diversity (Harmon and Loh 2010); a) the global index declined by about 20% from 1970 to 2005 
while b) the regional indices varied between a positive trend (Europe), a 17% decline (Africa), a 30% decline (Pacific) and a 
64% decline (the Americas). 
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Biocultural Diversity: threatened species, endangered languages 
The most recent publication (Loh and Harmon 2014) used a two-pronged approach to compare 
status and trends in linguistic diversity with biodiversity. Firstly it brought together the LPI and an 
updated ILD to compare their trends at both global and regional levels. Secondly, to complement the 
comparison of trends, it used the IUCN Red List criteria to assess the threat ƐƚĂƚƵƐŽĨƚŚĞǁŽƌůĚ ?Ɛ
languages and then compare languages with mammals, birds, reptiles and amphibians (Fig. 7). See 
Appendix (p. 30) for a description of the methods used. There are other systems of assessing the 
threat status of endangered languages, suĐŚĂƐhE^K ?ƐƚůĂƐŽĨƚŚĞtŽƌůĚ ?Ɛ>ĂŶŐƵĂŐĞƐŝŶĂŶŐĞƌ 
(Moseley 2010), but they rely on different criteria to those used by biologists to assess species. By 
using the same indicators and criteria it was possible directly to test assertions such as linguist 
Michael Krauss ?Ɛ, that  “dŚĞďŝŽůŽŐŝĐĂůƐƉĞĐŝĞƐĞŶĚĂŶŐĞƌŵĞŶƚƌĂƚĞƐŽĨƚŚĞǀĞƌǇǁŽƌƐƚďŝŽůŽŐŝĐĂů
alarmist estimates, e.g. that 50 per cent (not just 5 per cent) of mammals may be endangered (or 
threatened), are still better than the very best language endangerment scenarios I can imagine ?
(Krauss 2007).  
 
Figure 7: Red List status of languages and four vertebrate classes (size of each pie chart is proportional to the global number 
in each group. Mammal, bird and amphibian data, IUCN (2013); reptile data, Bohm et al. (2013). The status of languages is 
at least as seriously threatened as the vertebrate groups. 
Both LPI and ILD show similar trends at the global scale, and the Red List assessment suggests that 
ƚŚĞŽǀĞƌĂůůƚŚƌĞĂƚƐƚĂƚƵƐŽĨƚŚĞǁŽƌůĚ ?ƐůĂŶŐƵĂŐĞƐŝƐĂƚůĞĂƐƚĂƐƐĞƌŝŽƵƐĂƐƚŚĂƚŽĨǀĞƌƚĞďƌĂƚĞƐƉĞĐŝĞƐ ?
At the regional level, however, a different picture emerges (Fig. 8). The LPI indicates a north-south 
split in trends in biodiversity, while the ILD shows an east-west split in trends in linguistic diversity. 
Specifically, the LPI declined rapidly in the tropics but displayed little overall change in temperate 
realms. The ILD by contrast declined very rapidly in the Americas, and more slowly in the Africa, 
Eurasia and the Pacific. In Australia, however, the ILD fell even faster than in the Americas. This 
pattern in the regional ILDs is borne out by the regional Red Listing of languages. 
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Figure 8: Comparison of the Living Planet Index with the Index of Linguistic Diversity from 1970 to 2007/8 (Loh and Harmon 
2014). Both indices are set equal to 1.0 in 1970. While the LPI and ILD decline at a similar rate globally (a), the indices for b) 
the Palearctic, c) Nearctic, d) Afrotropical, e) Neotropical and f) Indo-Pacific biogeographic realms show different patterns. 
The Biocultural Diversity report adopted an evolutionary and ecological approach to species and 
languages in an attempt to provide a more integrated concept of biocultural diversity than that of 
the IBCD. It is not necessary to think about languages and species in this way in order to compare 
their conservation status and trends, but it does provide a unified theoretical framework for 
biocultural diversity as a generic concept and sets its current status in an evolutionary context. 
a) Global b) Palearctic 
c) Nearctic d) Afrotropical 
e) Neotropical f) Indo-Pacific 
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Impacts of the Indicators 
The Living Planet Index 
International Policy Targets and Indicators 
At the World Summit on Sustainable Development in Johannesburg, 2002, parties to the CBD agreed 
 “ƚŽĂĐŚŝĞǀĞďǇ ? ? ? ?ĂƐŝŐŶŝĨŝĐĂŶƚƌĞĚƵĐƚŝŽŶŽĨƚŚĞĐƵƌƌĞŶƚƌĂƚĞŽĨďŝŽĚŝǀĞƌƐŝƚǇůŽƐƐĂƚƚŚĞŐůŽďĂů ?
regional and national level as a contribution to poverty alleviation and to the benefit of all life on 
ĂƌƚŚ ?(CBD Secretariat 2006). At the seventh Conference of the Parties (CoP7) of the CBD in Kuala 
Lumpur in 2004, governments agreed a set of quantifiable goals and indicators to measure progress 
towards the 2010 target. One of the indicators idenƚŝĨŝĞĚĨŽƌŝŵŵĞĚŝĂƚĞƚĞƐƚŝŶŐǁĂƐ “dƌĞŶĚƐŝŶ
ĂďƵŶĚĂŶĐĞĂŶĚĚŝƐƚƌŝďƵƚŝŽŶŽĨƐĞůĞĐƚĞĚƐƉĞĐŝĞƐ ?(CBD Secretariat 2004). The LPI was adopted as an 
indicator for the 2010 target by the CBD under the Biodiversity Indicators Partnership (BIP) process, 
and reported in its Global Biodiversity Outlook series (CBD Secretariat 2006; CBD Secretariat 2010). A 
paper in Science analysed 31 indicators of progress towards the 2010 target, including the LPI, and 
found no significant reduction in the rate of loss on biodiversity (Butchart et al. 2010).  
Following the ǁŽƌůĚ ?Ɛfailure to achieve the 2010 target, CoP10 of the CBD held in Nagoya, Japan, 
adopted the 2011-2020 Strategic Plan for Biodiversity which included a new set of  “Aichi ? targets. 
These ƌĞůĂƚĞƚŽƚŚĞĨŝǀĞƐƚƌĂƚĞŐŝĐŐŽĂůƐŽĨƚŚĞƉůĂŶ ?ŽŶĞŽĨǁŚŝĐŚŝƐ “ƚŽŝŵƉƌŽǀĞƚŚĞƐƚĂƚƵƐŽĨ
biodiversity by safeguarding ecosystems, sƉĞĐŝĞƐĂŶĚŐĞŶĞƚŝĐĚŝǀĞƌƐŝƚǇ ? ?ŐĂŝŶ ?the LPI was adopted 
as an indicator and reported in Global Biodiversity Outlook 4 (CBD Secretariat 2014) and Aichi Targets 
Passport (Biodiversity Indicators Partnership 2013a). A follow-up paper in Science reported on mid-
term progress towards the Aichi targets (Tittensor et al. 2014). The authors used 55 indicators 
including the LPI to report against the 20 targets, and concluded that current policy and management 
efforts to stem biodiversity loss are unlikely to result in an improvement in trends by 2020. hEW ?Ɛ
international environmental assessment report the Global Environment Outlook also published the 
LPI (Ash et al. 2007; Armenteras et al. 2012), and another international biodiversity assessment and 
reporting process, IPBES, has also selected the LPI as a global and regional biodiversity indicator.  
Other international indicators based on species population trends have been developed over the last 
decade which relate to single taxa such as the Global Wild Bird Index (Stattersfield, Bennun and 
Jenkins 2008; BirdLife International 2013) or the European Grassland Butterfly Indicator (European 
Environment Agency 2013). Birds and butterflies have well-developed monitoring schemes, 
especially in Europe and North America, and lend themselves to multi-species population indices. 
The LPI however remains the largest and longest-established global dataset on population trends for 
vertebrates. 
National LPIs 
The first national application of the LPI was in Norway, where WWF produced a Norwegian Nature 
Index (WWF Norway 2005). This index was later adopted, developed and published by the 
Norwegian Environment Agency (Nybø, Certain and Skarpaas 2011) and is included in the 
ŐŽǀĞƌŶŵĞŶƚ ?ƐŽĨĨŝĐŝĂůŝŶĚŝĐĂƚŽƌƐŽŶƐƵƐƚĂŝŶĂďůĞĚĞǀĞůŽƉŵĞŶƚ ?dŚĞŵĞƚŚŽĚŽůŽŐǇŚĂƐĞǀŽůǀĞĚĂŶĚ
been adapted over time by researchers at the Norwegian Institute for Nature Research (Aslaksen and 
Garnåsjordet 2012). The second implementation of a national LPI was by WWF Canada in their 
Canadian Living Planet Report (Mitchell, Loh and Goldfinger 2007; McRae et al. 2007).  
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There have also been some unsuccessful attempts by WWF national organizations to produce a 
national LPI. South Africa, Turkey and the Guianas tried but failed to produce a national index 
because of insufficient data. The LPI demands data on species populations going back at least two 
decades, covering a representative sample of habitats, taxa and geographic regions. This data 
demand presents a barrier for the LPI as a national biodiversity indicator which many countries 
cannot overcome, although the LPI database at least provides a starting point and a set of criteria for 
future data collection.  
A successful example of an LPI for a developing country was the Uganda Biodiversity Index. This 
indicator was based on data collected by the National Biodiversity Data Bank (NBDB) at Makerere 
University. The ^ƚĂƚĞŽĨhŐĂŶĚĂ ?ƐŝŽĚŝǀĞƌƐŝƚǇ reports (Arinaitwe, Pomeroy and Tushabe 2000; 
Pomeroy and Mwima 2002) included data on a large number of species population trends, some of 
which dated back as far as the 1960s. Data from the 2000 report was used to construct a Living 
Uganda Index using the LPI method (Jenkins, Kapos and Loh 2004) which was then incorporated into 
the ^ƚĂƚĞŽĨhŐĂŶĚĂ ?ƐŝŽĚŝǀĞƌƐŝƚǇ ? ? ? ? report (Pomeroy and Tushabe 2004). The 2006 and 2008 
reports (Pomeroy, Lutaaya and Tushabe 2006; Pomeroy and Tushabe 2008) took the LPI method a 
stage further. As well as species population trend data, NDBD collected data on species richness and 
habitat cover. These datasets included trends on, for example, the number of fish species in Lake 
Victoria, trees species in protected areas, area of forest cover and area of wetlands. The LPI 
methodology was used to create a Species Richness Index, a Species Population Trends Index and a 
Habitat Cover Index, which were then combined into an overall Uganda Biodiversity Index, and 
Ugandan species population trends were compared with global trends. Data for an updated index are 
currently being collated.  
Regional and Thematic LPIs  
In collaboration with ZSL, the Circumpolar Biodiversity Monitoring Program (CBMP) produced an 
Arctic LPI. Data were collected by the CBMP, particularly from Russia, and the resulting index 
included trends for approximately one-third of all Arctic vertebrate species (McRae et al. 2010; 
McRae et al. 2012). An LPI of Mediterranean Wetlands was produced in collaboration with Tour du 
Valat (TdV), a research institute in France, using data collected from 27 countries around the 
Mediterranean (Galewski et al. 2011). This indicator formed a part of the Mediterranean Wetlands 
Observatory project. Thematic analyses include LPIs of migratory species for the Convention on 
Migratory Species (Latham et al. 2010), estuaries (Deinet et al. 2010), vertebrates (Baillie et al. 2010), 
protected areas (Craigie et al. 2010; Milligan et al. 2014) and recovering species for Rewilding Europe 
(Deinet et al. 2013). 
New indicators based on the LPI method 
The LPI method has been applied to datasets other than species populations to produce average 
trends. One example is an attempt to create an index of trends in habitat extent based on 
incomplete global data on changes in wetland area worldwide, the WET index (Dixon et al. 2016). 
Here the LPI method was applied to a patchy dataset to show trends in wetland area within defined 
geographic units and aggregated these to regional and global scales. Another example is the ILD. 
Index of Biocultural Diversity 
The IBCD was intended to be useful as a policy tool for measuring and monitoring the level of 
biocultural diversity at the national level, and it was described in the IUCN journal Policy Matters as 
with that purpose in mind (Harmon and Loh 2004b). However, its utility was limited in two ways 
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which meant that it has had more impact in raising the profile of biocultural diversity in academic 
circles than in policy circles. Firstly it was not capable of showing trends, making it a purely static 
measure, and secondly it was not capable of finer resolution at a sub-national level; consequently it 
became more useful to those interested in a global overview rather than to authorities responsible 
for implementing conservation policy. Nevertheless it remains the only indicator which set out 
specifically to be a measure of biocultural diversity for nearly all countries in the world. 
Index of Linguistic Diversity 
In comparison with the LPI, there has been limited uptake of the ILD by the media. Following its 
publication in 2010 and update in 2014 there was some coverage of the ILD in the press (Braun 2011; 
Vidal 2014).  
The ILD has had some impact in policy fora. KŶĞŽĨƚŚĞ ?Ɛ ? ? ? ?ƚĂƌŐĞƚƐǁĂƐƚŽƉƌŽƚĞĐƚƚŚĞ
traditional knowledge, innovations and practices of indigenous and local communities, a target which 
remains in the 2020 Aichi framework. One indicator selected for this target was trends in linguistic 
diversity and numbers of speakers of indigenous languages. Linguistic diversity is a proxy for 
traditional knowledge, and more direct indicators have been proposed including the VITEK (Zent and 
Maffi 2007) and others (Anderson and Poppel 2002; Lasimbang 2008; Statistics New Zealand 2008), 
but data for these are only available from a limited number of locations and are inadequate at the 
global or regional scale. 
UNESCO was chosen as the partner organization to develop the indicator for the CBD, but has yet to 
publish it. The ILD however was published in 2010 and was subsequently incorporated as an Aichi 
target indicator through the BIP (Biodiversity Indicators Partnership 2013b). The biogeographic realm 
ILDs from Biocultural Diversity: threatened species, endangered languages (Loh and Harmon 2014) 
were incorporated into recent regional versions of Global Biodiversity Outlook 4 on mid-term 
progress towards the Aichi targets (UNEP-WCMC 2016a; UNEP-WCMC 2016b; UNEP-WCMC 2016c). 
Given that many indigenous people who care about the continuation of their traditional culture 
believe that maintaining their language is essential (Bernard 1992; Reyhner 2007; Skyhawk 2012), the 
continual decline of the global ILD from the 1970s to the 2000s suggests that the CBD target to 
safeguard traditional knowledge, innovations and practices has not been met.   
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Critique of the Indicators 
The Living Planet Index 
Richard Gregory and others (2005) presented a set of 14 qualities of an effective biodiversity 
indicator for scientific and policy purposes. The LPI performs quite well against many of these 
criteria, being:  
a) regularly updated; 
b) transparent and easy to interpret;  
c) easily understood by non-experts, including policy-makers and members of the public;  
d) quantitative and showing rate of change over time;  
e) responsive to environmental change over relatively short time-scales 
f) able to be disaggregated to help understand patterns and potential causes of trends;  
g) based on available or easily-collected, quantitative data, not requiring excessive financial 
resources;  
h) indicative of attributes of biodiversity, ideally reflecting ecosystem health;  
i) user-driven in response to the needs of stake-holders;  
j) policy-relevant, to help develop and review policy measures; 
k) stable, buffered from irregular, large natural fluctuations; and  
l) susceptible to human influence and change. 
Arco van Strien and colleagues (2012) further described a set of desirable mathematical properties of 
indicators based on species trends, derived from economic theory relating to price indices. They are: 
a) if all species are declining, then the index declines, and vice versa; 
b) if all species change by a common factor, the index also changes by that factor; 
c) if all abundances in one year are the same as another year, the index is also the same; 
d) index is insensitive to base year; 
e) index is not dominated by species appearing or disappearing from the ecosystem; 
f) index is not sensitive to spatial scale. 
According to these criteria they concluded that out of the indicator methods they evaluated, 
including the Shannon and Simpson indices, arithmetic mean and mean species abundance, the 
ŐĞŽŵĞƚƌŝĐŵĞĂŶŽĨƐƉĞĐŝĞƐ ?ƉŽƉƵůĂƚŝŽŶƐŝƐƚŚĞmost favourable. The geometric mean is the basis of 
averaging the species trends in the LPI (and language trends in the ILD) and so puts the LPI on a 
sound mathematical basis as an indicator. 
However, two limitations of the LPI, where it falls short of Gregory et al ? ?ƐĐƌŝƚĞƌŝĂ ? are its timeliness  W 
the ability to identify trends rapidly and give an early warning of issues  W and its representativeness 
of all species in a group or taxon, which in the case of the LPI means global biodiversity. Timeliness 
and representativeness are problematic issues, both of which relate to data availability. Another 
possible weakness is the quality of the available data. 
The LPI makes use of available population trend data on vertebrate species. The data come from 
published studies in the scientific literature, reports from governmental and non-governmental 
organizations, online databases and some wide-scale multi-species surveys such as the Pan-European 
Common Bird Monitoring Scheme (European Bird Census Council). One of the limitations of the LPI is 
that there is a time-lag between a survey being carried out and the results being published in a 
journal or online, and then another delay between the data becoming available and their 
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incorporation into the LPI database and the eventual publication of an updated LPI. There has always 
been at least a three-year lag between the most recent index year in any LPI and its publication date. 
Furthermore, the time-lag means that the most recent years in any LPI have fewer data points than 
earlier years, and therefore higher uncertainty around the most recent index values. This means the 
LPI cannot act as an early warning signal for emerging issues. 
Perhaps the most important question and criticism of the LPI is how representative are the LPI data 
geographically (Pereira and David Cooper 2006; Proença et al. 2016) and, to widen the question out 
more broadly, how representative is the LPI of global biodiversity? Geographically, the coverage of 
time-series data included in the LPI database is skewed towards Europe and North America, where 
species populations are surveyed most intensively (Proença et al. 2016). This bias is particularly 
strong for bird species, for which large datasets are available from the North American Breeding Bird 
Survey (Patuxent Wildlife Research Center and Canadian Wildlife Service 2001) and the Pan-
European Common Bird Monitoring Scheme (European Bird Census Council 2016). To compensate 
for the geographic bias to some extent, the LPI calculates trends for either biogeographic realms (Loh 
et al. 2005) or temperate and tropical zones (Collen et al. 2009) (or ocean basins in the case of 
marine species) independently, regardless of the number of time-series they include, and then 
combines those trends with equal weighting in the aggregated global LPI. This reduces but does not 
eliminate the geographic bias because tropical species are far more numerous than temperate (and, 
according to the LPI data, declining more rapidly than temperate species). 
Imagine a perfect LPI, an indicator based on annual population trends of every species living on 
Earth: vertebrates and invertebrates; plants and animals; prokaryotes and eukaryotes. The 
aggregated trend would not be a proxy but a direct measure of the overall state of global 
biodiversity. How would it look compared with the actual, imperfect LPI? We can only speculate 
because we cannot count every species of life on Earth, let alone collect data on their populations. 
The actual LPI is very limited, containing less than 0.1% of all species. It is restricted to vertebrates 
only, for reasons of data availability. Expanding the LPI to incorporate invertebrates has been 
attempted in the past, but the only available long-term time-series data, on butterflies and 
commercially-harvested crustaceans, were highly unrepresentative of invertebrates as a whole. Yet 
we can ask whether population trends in vertebrate species are likely to be representative of all 
species of life. Because most of the species at the highest trophic level in any ecosystem are 
vertebrates, we could assume that they are a reasonable proxy for everything going on beneath 
them. Conservation organizations have focused their attention on vertebrates with the justification 
that protecting those species in their natural habitat will protect other species too. 
If we accept that an index of vertebrate species trends is the best we are able to deliver, then we can 
ask whether the species included in the LPI database are representative of all vertebrate biodiversity. 
The answer is that birds and mammals are over-represented at the expense of reptiles, amphibians 
and fish. Populations of birds, the most over-represented class, are declining more slowly on average 
than other classes, which makes the LPI under estimate the overall rate of decline. The most recent 
LPI, in Living Planet Report 2014, weighted trends for each class according to the estimated number 
of species in each class, as suggested by Loh et al. (2005) and Collen et al. (2009). The resulting global 
index declined by over 50% from 1970 to 2010 (McRae, Freeman and Deinet 2014). This may well be 
a more accurate indicator of global trends in vertebrate populations, but it puts the greatest weight 
on fishes, the group with the poorest representation in the data. 
The LPI can only be as accurate as its underlying time-series data. Data therefore have to meet 
certain criteria for inclusion in the LPI database: population estimates from at least two points in 
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time using the same method must be given for a named species and location. The species name, 
location, year, population estimate, method and source of the data were entered into the LPI 
database along with any other relevant information such as known threats or management. A system 
was devised to score the quality of each time-series, which could then be used to test the sensitivity 
of the calculated indices to data quality. It was found that lower quality data tended to estimate 
population changes positively compared with higher quality data, and therefore the effect of 
including them in the index was to reduce the average rate of decline. Because the lower quality data 
did not have a strong effect on the indices, all data were included in the LPI. 
The Index of Biocultural Diversity 
The IBCD gives a snapshot of biocultural diversity at the national level, approximately at the turn of 
the millennium. Biological and cultural diversity were measured using several indicators of species 
richness and cultural richness. At the time of publication, there were few datasets on biological and 
cultural richness available at the national-ůĞǀĞůĂŶĚĐŽǀĞƌŝŶŐŵŽƐƚŽĨƚŚĞǁŽƌůĚ ?ƐĐŽƵŶƚƌŝĞƐ(Harmon 
and Loh 2004a). For species richness, near-complete national inventories were available for birds, 
non-marine mammals and vascular plants (Groombridge and Jenkins 2002), while for cultural 
richness, inventories were available for languages from Ethnologue (Grimes 2000), and for religions 
and ethnic groups from the World Christian Encyclopaedia (Barrett, Kurian and Johnson 2001). There 
was no international standard or UN agency responsible for the collection of these data, and they 
were assembled from national censuses and biological inventories. Any such global dataset may 
therefore be incomplete, inconsistent or of uneven quality (Harmon and Loh 2004a).   
One can question whether language, religion and ethnic group richness are the most appropriate 
indicators of cultural diversity. The OED defines culture, in the sense that it is meant here, ĂƐ “The 
distinctive ideas, customs, social behaviour, products, or way of life of a particular nation, society, 
people, or period. Hence: a society or group characterized by such customs, etc. ?(OED Online 
2016b). Richerson and Boyd (2005) define culture in a way that stresses the idea of information 
ƚƌĂŶƐŵŝƐƐŝŽŶďĞƚǁĞĞŶŝŶĚŝǀŝĚƵĂůƐ P “ƵůƚƵƌĞŝƐŝŶĨŽƌŵĂƚŝŽŶĐĂƉĂďůĞŽĨĂĨĨĞĐƚŝŶŐŝŶĚŝǀŝĚƵĂůƐ ?behavior 
that they acquire from other members of their species through teaching, imitation and other forms 
ŽĨƐŽĐŝĂůƚƌĂŶƐŵŝƐƐŝŽŶ ? ?The information may take the form of ideas, knowledge, beliefs, skills, values 
or attitudes (Richerson and Boyd 2005). Cultural indicators, therefore, may be based on language, 
religion, agriculture and food systems, traditional knowledge or ceremonies, among many other 
possibilities (Harmon, Woodley and Loh 2010). Cultural diversity has more dimensions than language, 
religion and ethnicity but, given the availability of suitable datasets, these were the best proxies. 
Subsequent studies have used the same three measures of cultural diversity (Patsiurko, Campbell 
and Hall 2012). As cultural practices such as farming systems and traditional knowledge are often 
transmitted vertically down the generations (Richerson and Boyd 2005), language and ethnicity 
which are predominantly passed from parent to offspring are reasonable proxies for other cultural 
traits or values.  
Ethnic groups can be considered to be an aspect of cultural diversity. Currie and Mace (2012) define 
them as:  “ ?ŐƌŽƵƉƐŽĨŝŶĚŝǀŝĚƵĂůƐƚŚĂƚƐŚĂƌĞĂĐŽŵŵŽŶ ?ƐĞůĨ-ascribed identity based on the belief in 
common descent, and/or a shared culture, distinct in some respect from those of other groups. This 
belief is culturally inherited from one generation to the next. Symbolic markers of these groups such 
as differences in dress, language ?ĂŶĚŝŶƐƚŝƚƵƚŝŽŶƐĂƌĞƚŚĞŵƐĞůǀĞƐĐƵůƚƵƌĂůůǇŝŶŚĞƌŝƚĞĚ ? ? Ethnolinguistic 
fractionalization (ELF), a measure based on the linguistic and/or ethnic composition of a population, 
has been widely used as a measure of diversity at the national level (Alesina et al. 2003; Fedderke, 
Luiz and Kadt 2008; Bossert, D' Ambrosio and La Ferrara 2011; Patsiurko, Campbell and Hall 2012; 
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Sturm and De Haan 2015). ELF indicators are based on the probability that two individuals chosen at 
random from a population belong to different ethnolinguistic groups, and are analogous to the 
Simpson diversity index in ecology (Harmon, Woodley and Loh 2010). Their applicability in the 
analysis of ethnic politics has been questioned on the grounds that ethnic groups are notoriously 
difficult to define and take no account of the cultural distance between groups (Fearon 2003) or that 
not all ethnic groups are politically relevant (Posner 2004). Nevertheless, fractionalization is a useful, 
intuitive indicator and superior to richness alone because it takes population shares into account 
(Fearon 2003). Ideally, the IBCD would be calculated as the fractionalization of both ethnolinguistic 
groups and species but, because this measure requires data on numbers of individuals belonging to 
each group or species, there are insufficient data to calculate national species fractionalization 
indices, even for the best studied taxa, birds and mammals. 
Religion is an important dimension of cultural diversity within a population, but has some particular 
limitations as an indicator. Religious groupings are hard to define and therefore difficult to count, 
although an analysis of national data in the World Christian Database, which superseded the World 
Christian Encyclopaedia ?ĨŽƵŶĚƚŚĂƚ “ƌĞůŝŐŝŽƵƐĐŽŵƉŽƐŝƚŝŽŶĞƐƚŝŵĂƚĞƐ ?ĂƌĞŐĞŶĞƌĂůůǇƉůĂƵƐŝďůĞĂŶĚ
ĐŽŶƐŝƐƚĞŶƚǁŝƚŚŽƚŚĞƌĚĂƚĂƐĞƚƐ ? (Hsu et al. 2008). The nation-state has been questioned as the 
appropriate level for the analysis of religious diversity because globalization, the internet and 
migration have spread world religions and new religious movements, so increasing religious diversity 
globally as well as at the national level (Beyer 2010; Bouma and Ling 2011). However, because of the 
importance of religion to cultural identity, it was included as a component of the IBCD. 
The IBCD is a national-level indicator, but species, languages and cultures do not respect borders. It 
would be preferable to use a system of dividing the world into more meaningful biocultural units, 
perhaps along the lines of ecoregions, but data on languages and cultures are collected at the 
national level and are not readily available in any other way. That being said, if the object is to 
influence policy-making, national-level indicators are more useful than ones based on non-political 
entities.  
Finally, because it is based only on richness counts, the IBCD is not suited to tracking change in 
diversity over time. Even if populations of some species or ethnolinguistic groups were to decline 
rapidly, the richness count remains unchanged until one or more extinctions occurs. For this reason, 
the IBCD would be greatly improved by incorporating population data. An initial step towards this 
goal was the development of the ILD. 
The Index of Linguistic Diversity 
The original idea behind the ILD was to apply the LPI methodology to languages, using numbers of 
speakers of languages in place of populations or abundance of species. In many ways, the task was 
more straight-forward for languages than for species. The number of languages in the world is known 
reasonably well and there are data on numbers of speakers for most of them. Furthermore, historic 
estimates going back several decades exist for many languages, meaning that it is possible to create 
an index of trends that is reasonably representative of global linguistic diversity. These data come 
largely from a single source, Ethnologue: Languages of the World, a catalogue of ƚŚĞǁŽƌůĚ ?Ɛ 
languages which lists information on their geographic location, number of speakers, phylogenetic 
classification, viability and availability of literature. It has been published and periodically updated 
since the 1950s and is now in its 19th edition online (Lewis, Simons and Fennig 2016). 
The first edition of Ethnologue (Wycliffe Bible Translators 1951) included only 46 languages. The 
editors described it as an attempt to start listing and classifying languages in the way that ƚŚĞǁŽƌůĚ ?Ɛ
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flora and fauna had been. By the eighth edition (Grimes 1974), Ethnologue listed 5,587 languages 
and was the first complete catalogue of known living languages. The number of languages increased 
in subsequent editions, largely through reclassification and splitting of known languages, and now 
stands at 7,097 (Lewis, Simons and Fennig 2016). Although it is criticized for being published by a 
Christian organization, Ethnologue remains the only comprehensive source of data on ƚŚĞǁŽƌůĚ ?Ɛ
languages and speaker numbers, nor is there reason to suppose that the data likely to be less reliable 
because of its evangelical origins. 
The first version of the ILD (Harmon and Loh 2010) was based on data extracted from the first to the 
15th editions of Ethnologue (Gordon 2005) while the second version of the ILD (Loh and Harmon 
2014) incorporated additional data from the much-improved 16th edition of Ethnologue (Lewis 2009) 
which contained 6,909 living languages. Because the ILD is based on a random sample of 1,500 
languages taken from Gordon (2005), the trends in the ILD are reasonably representative of the 
ǁŽƌůĚ ?ƐůĂnguages globally and regionally, as well as of language families. This is a major advantage 
ŽǀĞƌƚŚĞ>W/ǁŚŝĐŚŝƐŶŽƚďĂƐĞĚŽŶĂƌĂŶĚŽŵƐĂŵƉůĞŽĨƚŚĞǁŽƌůĚ ?ƐǀĞƌƚĞďƌĂƚĞ species. 
dŚĞǁŽƌůĚ ?ƐŚƵŵĂŶƉŽƉƵůĂƚŝŽŶĂƉƉƌŽǆŝŵĂƚĞůǇĚŽƵďůĞĚŝŶƚŚĞƉĞƌŝŽĚƚŚĂƚƚŚĞILD covers. The default 
trend in the number of speakers of most languages is to increase at the same rate as the human 
population of the region in which the language is spoken. Without any change in diversity, therefore, 
the global ILD would approximately double between 1970 and 2005. In order to cancel out this effect 
the ILD is adjusted for overall population growth, both at global and regional levels. This is an 
important difference between the ILD and LPI, and has implications for what it is that the ILD actually 
measures. Instead of looking at trends in numbers of speakers of languages, and calculating the 
average trend, as the LPI method does, the ILD looks at trends in the share of the total population 
represented by each language, and calculates that average trend. This is, mathematically, a truer 
measure of diversity, although a less intuitive concept. If the LPI is analogous to a stock market index 
based on the market capitalization of listed companies, then the analogy for the ILD is market share. 
If average market share of a sample of languages is declining, it means that a few languages are 
increasing their share while a greater number are losing theirs.  
SIL, Ethnologue ?ƐƉƵďůŝƐŚĞƌ ?ĚŽĞƐŶŽƚĐŽůůĞĐƚprimary data on speaker numbers itself but collates and 
makes use of data from many sources. These include government censuses and academic articles, as 
well as reports from missionaries. There is no consistent method of data collection. Government 
censuses may over-report or under-report the number of speakers of some languages for political 
reasons (Collin 2010). Unlike the time-series data in the LPI, successive editions of Ethnologue are not 
necessarily comparable. The ILD data, therefore, are susceptible to the problem of non-genuine 
changes. For example, linguist A might assess the number of speakers of a language to be N. Years 
later, linguist B estimates it to be N/2. This may be a genuine change because the number of 
speakers halved, or it may be a non-genuine change because A and/or B estimated incorrectly. To 
avoid potentially non-genuine changes in speaker numbers, data points which implied very rapid 
rates of change (halving or doubling within three years) in large populations (N>1000) were removed 
as a precaution. 
While an animal belongs to only one species, a person may speak more than one language. This 
presents a challenge for the ILD, which treats each speaker as being monolingual, and counts only 
 “ŵŽƚŚĞƌƚŽŶŐƵĞƐƉĞĂŬĞƌƐ ? ?Multilingualism is the norm in many societies where an individual may, 
for example, speak one language at home, another at work or school and perhaps other regional or 
foreign languages as well. A decline in mother tongue speakers may not mean that a language is in 
trouble if there is a large pool of fluent second language speakers. Nevertheless, language loss often 
starts with a bilingual phase where children are equally able to use their mother tongue alongside 
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another, more widely-spoken language outside the home. The following generation becomes less 
fluent in the mother tongue. Bilingualism is not necessarily a buffer for declining languages, as has 
been the case for Spanish and Asian languages among second and third-generation immigrants in the 
United States (Portes and Hao 1998), Celtic languages in Britain and Ireland (Kandler, Unger and 
Steele 2010) and may now be happening among Bantu languages in South Africa (Posel and Zeller 
2016), all of which have to compete with English as a politically and economically-dominant 
language. 
The Red List of Languages 
UNESCO and SIL have both ƵŶĚĞƌƚĂŬĞŶĂƐƐĞƐƐŵĞŶƚƐŽĨƚŚĞǁŽƌůĚ ?ƐůĂŶŐƵĂŐĞƐ using a Red List-type of 
approach to place languages into categories such as Extinct, Critically endangered, or Vulnerable 
(Lewis and Simons 2010; Moseley 2010). They both used intergenerational transmission as the 
principal criterion for determining status, which relies on comparing language competence between 
successive generations, from grandparents to parents to children. Loh and Harmon (2014) used data 
from the sample of 1500 languages in the ILD to assess their threat status according to the IUCN Red 
List criteria. This approach provided a direct comparison between the status of languages and that of 
species and another perspective on the trends shown by the LPI and the ILD, as well as an update to 
an earlier analysis based on population size only (Sutherland 2003).   
One disadvantage of Red Listing is that threat categories are slow to change as a population 
dwindles. For example, a language with millions of speakers in a gradual decline of 30% in three 
generations (equivalent to less than 0.5% per year assuming 25-year generations) would remain in 
the Vulnerable category unless either its rate of decline increased to 50% or the number of speakers 
dropped below a threshold of 2,500. It takes a big change to shift from Vulnerable to Endangered. 
The LPI and ILD are better-suited to tracking gradual trends.  
IUCN criterion A, the rate of population decline, is applied over three generations and, because 
human generation times are long, many languages fall into a threat category because of criterion A 
alone. To be cautious in estimating threat status, therefore, only criteria C (population size and rate 
of decline) and D (population size alone), were used to assess languages: had criterion A been used, 
languages overall would be considered more threatened than vertebrate species. It is possible that 
avoiding A was unduly cautious. Language shift is capable of threatening languages spoken by 
millions. Northern Khmer, for example, with 1.6 million speakers in Thailand in 2006 (Lewis, Simons 
and Fennig 2016), is losing speakers to Thai as a result of mass media, increased mobility, 
government policy and political upheavals in Cambodia (Vail 2006). However, criteria C and D alone 
were used to avoid possible non-genuine changes (criterion B, geographic range, was not used). 
  




The submitted publications present new indicators of the state of biological, linguistic and biocultural 
diversity, which made a number of advances over previously available indicators, yet further 
improvements are undoubtedly possible. The most important innovation was to look at population 
trends across a wide sample of species or languages, as opposed to species or language richness, and 
then calculate the average trend of either the global set or a particular subset such as a region or 
taxonomic group. These indicators were the first attempts to show trends at global or regional scale 
in biological or linguistic diversity in the generic ƐĞŶƐĞŽĨ “ůŝĨĞŽŶĞĂƌƚŚ ? ?Population trend indicators 
are complementary to indicators based on richness or extinction rates, and for this reason a Red List 
analysis of languages was carried out alongside a population-based analysis. The major advantage of 
population-based indices over richness, extinction rates or extinction risk is the possibility of showing 
recent change over a relatively short time-scale. For species, global Red Lists are more 
comprehensive than the LPI because more species have been assessed than there are species for 
which population trend data are available. For languages this is not the case, although there remains 
the problem of identifying non-genuine changes in the language time-series data. An important goal 
for the LPI has been to increase the coverage of species in the database both biogeographically and 
taxonomically. For the ILD, it will be hard to resolve non-genuine changes by improving historic 
population estimates, but future data on speaker numbers will probably have fewer non-genuine 
changes with respect to the most recent data. 
The IBCD is an indicator based on richness data only, but was the first attempt to create a measure of 
biocultural diversity. The natural next step to improve the IBCD would be to incorporate population 
trends. This is unlikely to be a possibility for plant species, but may be possible for some birds and 
mammals using data available from the LPI database. For languages, ethnic groups and possibly 
religions it might be feasible to incorporate population trend data from Ethnologue or national 
censuses. Another good reason for incorporating population data is that richness alone does not give 
any information about the distribution or evenness of species or ethnolinguistic diversity within a 
country or region, and calculating a diversity index in the mathematical sense along the lines of the 
Simpson/ELF or Shannon indices could be a possibility. These would have to be modified however as 
they are poor at tracking population trends (Buckland et al. 2005; van Strien, Soldaat and Gregory 
2012). 
Trends based on populations, be they biological or linguistic, provide no information about genetic 
diversity. The LPI and ILD could both be improved if they incorporated a measure of the degree of 
difference between species or languages, such that a decline in population of a particularly unique 
species or language, such as a monophyletic species or a language isolate, carried more weight than 
the decline in a species or language from a large family of close relatives. This could be achieved by 
incorporating phylogenetic data on the evolutionary branch length of species and languages as a 
genetic diversity weighting. Similarly, the IBCD could incorporate phylogenetic data to show the 
ĚĞŐƌĞĞŽĨĚŝĨĨĞƌĞŶĐĞƌĞƉƌĞƐĞŶƚĞĚŝŶĂĐŽƵŶƚƌǇ ?ƐďŝŽĐƵůƚƵƌĂůĚŝǀĞƌƐŝƚǇ ?WŚǇůŽŐĞŶĞƚŝĐƚƌĞĞƐĂƌĞĂǀĂŝůĂďůĞ
for some language families and vertebrate classes, but for many languages measuring evolutionary 
branch length may prove impossible. Even without data on genetic distinctiveness from phylogenetic 
trees, however, estimations might be made based on existing taxonomic classification alone. 
The spatial and temporal patterns seen in the overall trends in populations of species and languages 
worldwide reveal interesting global parallels and regional contrasts which help to shed light on both 
the decline in biological and linguistic diversity and the geographic patterns in the drivers of those 
trends. While the global LPI and ILD are both driven ultimately by the unsustainable consumption 
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and production of resources, the contrasting regional pattern between them reflects a difference in 
the immediate drivers of diversity loss. The greatest pressures on biodiversity come from habitat loss 
and degradation, over-fishing or hunting, and alien invasive species (Millennium Ecosystem 
Assessment 2005). Pressure on linguistic diversity comes either from one human population 
displacing another  W whether as a result of war, genocide or disease  W or, more commonly, from 
language shift as a dominant language displaces a smaller one within the same population (Nettle 
and Romaine 2000). This process is analogous in some ways to invasive species: a single alien 
language expands at the expense of many indigenous ones. 
Biodiversity loss has been most rapid in the tropics over the last few decades because that is where 
the pressures of human population growth, deforestation, habitat conversion, urbanization, 
pollution and over-exploitation of species have been strongest (Millennium Ecosystem Assessment 
2005). Linguistic diversity loss shows a different pattern, where the greatest rate of loss has taken 
place in those parts of the world colonized and settled by Europeans. The languages which have 
declined most rapidly since the 1970s are indigenous languages spoken in the Americas and Australia 
where English, Spanish or Portuguese have become dominant. Interestingly, in Africa, Asia and 
Europe the decline is not as rapid. However, language shift also takes place within those regions 
when a national language displaces a minority language, either with or without deliberate 
government intervention.  
dŚŝƐƉĂƚƚĞƌŶŽĨůĂŶŐƵĂŐĞůŽƐƐŝƐĐŽŶƐŝƐƚĞŶƚǁŝƚŚEĞƚƚůĞ ?ƐĚĞƐĐƌŝƉƚŝŽŶŽĨƚŚĞĚĞĐůŝŶĞŝŶŐůŽďĂůůŝŶŐƵŝƐƚŝĐ
diversity resulting from the after-shock of the Neolithic Revolution, followed by the after-shock of 
the Industrial Revolution (Nettle 1999). The Neolithic Revolution saw many phylogenetically diverse 
languages spoken by thousands of small groups of hunter-gatherers living at low population density 
displaced by languages spread around the world by the expansion of farming, which then diversified 
into large, more closely-related language families such as Indo-European, Niger-Congo and 
Austronesian (Renfrew 1987; Gray and Jordan 2000; Gray and Atkinson 2003). The Neolithic after-
shock was the eventual arrival of Indo-European-speaking farming peoples in the Americas and 
Australia, and the consequent loss of indigenous languages from genocide, disease, deliberate policy 
and subsequently language shift. The Industrial Revolution resulted in enormous changes in lifestyles 
and livelihoods to populations formerly dependent on agriculture, and its after-shock spread around 
the world over the last 250 years, bringing about a steady decline in linguistic diversity in the 
developing regions the world, including in Europe, where indigenous populations were not 
overwhelmed but gradually shifted to the socially and politically dominant languages of a more 
developed economy (Nettle 1999; Nettle and Romaine 2000).   
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Appendix: Methods used in Biocultural Diversity: 
Threatened species, endangered languages  
Loh and Harmon (2014) compared trends in the Living Planet Index (LPI) from 1970 to 2007 with 
trends in the Index of Linguistic Diversity (ILD) from 1970 to 2008 at the global and regional scales. 
The LPI and ILD are based on similar methods for calculating average trends across a large selection 
of species or languages, and are described in detail in three of the present papers: Loh et al. (2005), 
Collen et al. (2009) and Harmon and Loh (2010). 
Loh and Harmon (2014) also compared the status of global biodiversity and linguistic diversity using 
the IUCN Red List categories. Red Listing provides a means of using a very different methodology 
ĨƌŽŵƚŚĞ>W/ĂŶĚ/>ďǇǁŚŝĐŚƚŽĐŽŵƉĂƌĞƚŚĞƐƚĂƚƵƐŽĨƚŚĞǁŽƌůĚ ?ƐůĂŶŐƵĂŐĞƐǁŝƚŚƚŚĂƚŽĨĚŝĨĨĞƌĞŶƚ
taxonomic groups of species. The Red List is a catalogue of species that have been assessed and 
categorized as extinct (EX), extinct in the wild (EW), critically endangered (CR), endangered (EN), 
vulnerable (VU), near threatened (NT) or least concern (LC) according to their risk of extinction. 
Species assessed as CR, EN or VU are considered to be threatened. Where insufficient information is 
known to make an assessment, a species is categorized as data deficient (DD).  
A set of well-defined criteria are used to assess and place a species in a Red List category (IUCN 
2012). Criteria A1-A4 relate to the rate of decline in a species ? population. Criteria B1 and B2 refer to 
reduction or fragmentation of a species ?ŐĞŽŐƌĂƉŚŝĐƌĂŶŐĞ ?ƌŝƚĞƌŝĂ ?ĂŶĚ ?ƌĞůĂƚĞƚŽĂ both a 
ƐƉĞĐŝĞƐ ? population size and its rate of decline. Criterion D relates to population size alone, regardless 
of its rate of change. Some of those criteria can also be applied to languages. Criteria A2/A4, C1 and 
D were applied to data on the number of mother tongue speakers of a language (in place of species 
population data) to assess its extinction risk (see Table 1). This method ignores those speakers who 
can speak a language that is not their mother tongue. 
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A Any CR EN VU 
    
B not used 
C1 1-249 
   
CR 
   
 
250-2499 





     
VU 
 
C2 not used 
D 0       EX 
 
1-49 








      
VU 
Table A1: IUCN Red List criteria (IUCN 2012) used in the assessment of languages. EX = extinct, CR = critically endangered, 
EN = endangered, VU = vulnerable. For criterion C, both size and decline criteria must be met. If a language did not meet any 
criteria it was categorized as least concern/near threatened (LC/NT); if there were insufficient data to assess a language it 
was categorized as data deficient (DD). Generation time was taken to be 25 years.  
Criterion A2 refers to a population decline of 80% or more in three generations which has already 
occurred; criterion A4 refers to a population decline that began in the past and is projected to 
decline by at least 80% within three generations. The human generation time was taken to be 25 
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years. Criteria A1 and A3 were not used as they refer to populations where the causes of decline are 
known, have ceased and are reversible (A1) or where population decline is not yet known to have 
occurred but is suspected or projected in future (A3). Criterion B was not used as there are 
insufficient data available on trends in the geographic ranges of languages. Criterion C2 was not used 
as it requires additional data on either the size of subpopulations (C2a) or the number of adults in a 
population (C2b).  
Criteria A2/A4, C1 and D were used to assess a sample of 1,500 languages, the same sample that was 
used to generate the ILD (see Harmon and Loh 2010). For each language, the number of mother 
tongue speakers and the year in which the number was recorded were entered into an Excel 
spreadsheet. For those languages with two or more data points, ie. speaker numbers from two or 
more years (not necessarily consecutive), the average annual rate of change was calculated between 
the most recent pair of years. 
ݎ ൌ  ൬݌ଶ݌ଵ൰ቀ ଵ௬మି௬భቁ 
Where r is the annual average rate of change, y1 is the first year, y2 is the second year, p1 is the 
number of speakers in y1 and p2 is the number of speakers in y2.  
If ĂůĂŶŐƵĂŐĞ ?Ɛ annual rate of decline was greater than 10% per year (r < 0.9), and the initial number 
of speakers was 1000 or more (p1 > 999), then r was not used in the assessment of that language on 
the grounds that speaker numbers are unlikely to decline that fast in a population of that size, and 
therefore there was a possibility that the data may be anomalous. In such cases, only criterion D was 
used.  
For those languages with two or more data points, criteria A2/A4, C1 and D were applied. For those 
languages with a single data point, criterion D only was applied. 
Under criterion A2/A4, a language was assessed to be CR if r < 0.9788, which would lead to a decline 
of at least 80% within 75 years or three generations. It was assessed to be EN if r < 0.9908, which 
would lead to a decline of at least 50% in 75 years, or VU if r < 0.9953, which would lead to a decline 
of at least 30% in 75 years.  
Under criterion C1, a language was assessed to be CR if p2 < 250 and r < 0.9886, which would lead to 
a decline of at least 75% within 25 years. It was assessed to be EN if p2 < 2500 and r < 0.9955, which 
would lead to a decline of at least 20% in 50 years, or VU if p2 < 10000 and r < 0.9986, which would 
lead to a decline of at least 10% in 75 years. 
Under criterion D, a language was assessed to be CR if the most recently recorded number of 
speakers was less than 50, p < 50. It was assessed to be EN if p < 250 or VU if p < 1000. If the most 
recently recorded number of speakers of a language was zero, the language was assessed to be EX.  
Where the criteria gave different assessments of threat status for the same language, for example EN 
under C1 and VU under D, the higher or more severe status was assigned to that language. Where a 
language did not meet any of the criteria for EX, CR, EN or VU status, it was assessed to be least 
concern or near threatened (LC/NT). If there were no population data available for a language, it was 
evaluated as data deficient (DD). Because there is a degree of uncertainty in the reliability of some 
earlier estimates of speaker numbers, meeting the A criterion alone was not considered to be 
sufficient for a language be reliably assessed as threatened. Therefore a language was assessed to be 
threatened only if it met either or both criteria C1 and D. 
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The Living Planet Index was developed to measure the changing state of the world’s biodiversity over
time. It uses time-series data to calculate average rates of change in a large number of populations of
terrestrial, freshwater and marine vertebrate species. The dataset contains about 3000 population
time series for over 1100 species. Two methods of calculating the index are outlined: the chain
method and a method based on linear modelling of log-transformed data. The dataset is analysed to
compare the relative representation of biogeographic realms, ecoregional biomes, threat status and
taxonomic groups among species contributing to the index.
The two methods show very similar results: terrestrial species declined on average by 25% from
1970 to 2000. Birds and mammals are over-represented in comparison with other vertebrate classes,
and temperate species are over-represented compared with tropical species, but there is little
difference in representation between threatened and non-threatened species. Some of the problems
arising from over-representation are reduced by the way in which the index is calculated. It may be
possible to reduce this further by post-stratification and weighting, but new information would first
need to be collected for data-poor classes, realms and biomes.
Keywords: Living Planet Index; biodiversity indicator; species population trends;
representation; 2010 target
1. INTRODUCTION
In its plan of implementation, the 2002 World Summit
on Sustainable Development endorsed the Hague
Ministerial Declaration of the Sixth Conference of
the Parties to the Convention on Biological Diversity
(CBD) that committed them ‘to achieve by 2010 a
significant reduction of the current rate of biodiversity
loss at the global, regional and national level as a
contribution to poverty alleviation and to the benefit of
all life on earth’ (CBD 2000, p. 319). At present, there
is no system in place to measure the progress towards
this objective by standardized, regularly repeated
measurements of the state of all important biomes
and their biota both at global and regional levels (Green
et al. 2005; Kapos et al. 2004), although good
biodiversity indicator programmes exist in some
countries, particularly in the UK and the Netherlands,
and significant advances have been made at the pan-
European level (Gregory et al. 2005; de Heer et al.
2005). Instead, there is an effort to use existing
information, often collected for other purposes, to
gain a rough idea of how the state of nature is changing.
While we contend that there is an urgent need to
initiate well-designed programmes to measure changes
in biodiversity, we accept that less satisfactory
approaches should be employed in the short term. In
this paper, we describe an existing programme for
measuring biodiversity change, the Living Planet Index
(LPI).
The LPI began in 1997 as aWWF project to develop
a measure of the changing state of the world’s
biodiversity over time, and this remains its objective.
Work on the LPI started in collaboration with the
World Conservation Monitoring Centre in 1997. The
first index was published in the WWF Living Planet
Report 1998 (Loh et al. 1998) and has been updated
subsequently (Loh et al. 1999; Loh 2000, 2002; Loh &
Wackernagel 2004).
The LPI aims to measure average trends in
populations of vertebrate species from around the
world since 1970. Each iteration of the Living Planet
Report has involved a new round of data collection, so
the sample sizes of species populations in the index
have grown with each successive edition. The index is
currently based on nearly 3000 population time series
for over 1100 species. All species in the index are
vertebrates. The restriction of the index to vertebrate
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animals, and to years from 1970 onwards, is for reasons
of data availability: relatively few time-series data for
invertebrate or plant populations exist, and those come
from geographically restricted locations. Therefore, the
LPI is a measure of global biodiversity only as far as
trends in vertebrate species populations are represen-
tative of wider trends in all species, genes and
ecosystems.
The initial aimwas tomake theLPI as comprehensive
and representative as possible with respect to vertebrate
class, geography and biome. We felt that it should be
based on the largest possible sample size to give the
index the greatest precision possible. Represen-
tativeness of the species included could not be guaran-
teed by accepting as many eligible time series as
possible, but efforts were made to allow for unrepre-
sentativeness in the way that the index was calculated
(see § 2b). A short time-interval between index values
was also a goal. Here, we describe the compilation of
data and the methods used to calculate the LPI; present
index values at five-year intervals from 1970 to 2000;
examine the representativeness of LPI data with respect
to class, biogeographic realm, biome and threat status;
and propose further development of the index.
2. METHODS
(a) Collection of time-series and ancillary data
Published scientific literature and unpublished reports were
searched for eligible time-series data on vertebrate popu-
lations, as were online databases such as the NERC Imperial
College Global Population Dynamics Database (see http://
www.sw.ic.ac.uk/cpb/cpb/gpdd.html) and Ransom Myers’
Stock Recruitment Database (see http://www.mscs.dal.ca/
wmgers/welcome.html). Series were included if they met the
following criteria:
1. Estimates available for at least two years from 1970
onwards.
2. Estimates of population size (global or regional), popu-
lation density (e.g. numbers per unit area of survey plots,
density from transects or point counts and numbers
recorded per unit length of transects), biomass (e.g.
spawning stock biomass from fisheries statistics) or
numbers of nests (e.g. marine turtles). Numbers or
densities of animals harvested by hunting or fisheries,
though sometimes taken to be indicative of population size
or density, were not used.
3. Survey methods and area covered were comparable
throughout each survey of the series, as far as could be
ascertained. Estimates for the same species from different
workers or research teams published in different papers
were not considered to be comparable unless a special
effort had been made to ensure this.
4. Time series with little or no indication of how, where or
when the data were collected were not used.
Whether a species was native or non-native was not used as
a criterion in the data collection. Our analysis includes data
from over one thousand species (table 1).
(b) Preliminary processing of time-series data
Because any population time-series data that met the above
criteria were used in the calculations, the species included in
the index were not necessarily representative of all vertebrate
classes, biogeographic realms and ecological biomes. There-
fore, before carrying out any calculations, the data were first
divided up by biome—terrestrial, freshwater or marine—
depending on the principal habitat of the species. Where a
species commonly occurs in more than one biome, its
breeding habitat was designated as its biome. Then, within
each biome, species were divided up either according to
the biogeographic realm they inhabit—Afrotropical,
Australasian, Indo-Malayan, Nearctic, Neotropical or
Palaearctic—for terrestrial and freshwater species, or to the
ocean they inhabit—Atlantic/Arctic, Pacific, Indian or
Southern Ocean—for marine species. For many species,
there were time-series data for two or more populations
within a single realm or ocean. For some species, one
population occurred within one realm or ocean while another
population would inhabit another, in which case the
populations would be divided accordingly and those species
would occur in more than one realm or ocean. Population
time-series were assigned to biogeographic realms, following
the system used for WWF ecoregions (WWF 2000), ocean
basins and biomes based on expert knowledge of habitat
requirements and information in standard reference works.
Separate indices were first calculated for each biogeo-
graphic realm and ocean. Multiple time-series for a single
species within a realm or ocean would be treated as a single
time-series, using the method described below, so that each
species carried equal weight within each realm or ocean. Only
estimates for the standard set of years 1970, 1975, 1980,
1985, 1990, 1995 and 2000 were used to calculate the index.
Wherever an estimate was available for one of the standard set
it was used. If there was no estimate for a standard year, but
estimates were available before and after it, a value for the
standard year was calculated by log-linear interpolation.
Values for standard years were not obtained by extrapolation.
For example, if counts were available for 1981 and 1984,
values for the standard years 1980 and 1985 were not
calculated. However, if counts were available for 1979 and
1986, values for 1980 and 1985 would be interpolated. Only
series for which there were real or interpolated data for at least
two standard years were included in further analyses. We
recognize that it would be preferable to use only actual
observations, to use data for all years and to avoid
interpolation, but updating of the database for the early
years is necessary before this can be done.
(c) Calculation of the index by the chain method
For each successive pair of standard years in each series we
calculated the logarithm of the ratio of the population
measure in one standard year to that of the standard year
immediately preceding it. That is,
dt Z logðNt=NtK5Þ;
where the N are the two population measures. If a series
Table 1. Numbers of species included in the LPI by class and
biome.
terrestrial freshwater marine total
fish 91 110 201
amphibians 49 49
reptiles 8 16 16 40
birds 381 132 95 608
mammals 172 11 46 229
total 561 299 267 1127
Phil. Trans. R. Soc. B (2005)
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contained one or more standard years in which NZ0, the
mean of N for all standard years with data was calculated and
1% of this mean was added to every observed N before
calculating dt. Where there was more than one population
series for a species for a given pair of standard years we
calculated the mean value of dt across all series. Then, given







The index for a terrestrial or freshwater realm or an ocean
basin in standard year t was calculated as
It Z ItK510
dt :
Setting I1970 to 1, successive values of I1975, I1980, etc. were
calculated.
Indices for terrestrial, freshwater and marine biomes were
obtained by calculating the mean of the realm or ocean-
specific dt values, and then calculating I as described. The
overall LPI was calculated from the mean of terrestrial,
freshwater and marine dt values (see figure 1).
Confidence intervals for I were obtained by a bootstrap
method. Each bootstrap replicate was calculated by the
following procedure. For each interval, tK5 to t, a sample of
nt species-specific values of dt were selected at random from
the nt observed values with replacement. For a given realm or
ocean, this was done for each interval, and dt and It values
were calculated as described in § 2c. The bootstrap procedure
was carried out 1000 times and the bounds of the central 950
I values for each standard year were taken to represent the
95% confidence interval for the index in that year for that
realm. An extension of this procedure was also used to
calculate confidence intervals for terrestrial, freshwater and
marine biomes and for the overall index. To do this, bootstrap
index values for each realm within a biome were used to
calculate bootstrap biome-level index values as described above
for a given realm or ocean. Bootstrap biome-level index values
were then used to calculate bootstrap overall index values.
(d) Calculation of the index by a linear
modelling method
In the future it is intended to make better use of all of the
annual data collected and to circumvent the need to use data
for standard years at five-year intervals by using a linear
model to calculate the index. This method was tested on the
existing standard year dataset to check the comparability of
results with the chain method on the same data.N values were
transformed to XtZlog(Nt). Series in which any N was zero
were first modified by adding 1% of the mean, as described in
§ 2c. For a given realm or basin, a least-squares linear model
was fitted with Xt as the dependent variable, and series and
year as independent factors acting as main effects. The
analysis was weighted by giving all values for species i in
standard year of t a weight of witZ1/vit, where vit is the
number of series for that species with data available in year t.
The analysis yielded coefficients bt for the main effect of year,
representing differences in the dependent variable between
each standard year and the reference year (1970). Index
values It for a given realm or basin were calculated by raising
10 to the power bt. Indices for terrestrial, freshwater and
marine biomes were obtained by calculating the mean of the
realm- or basin-specific bt values and then calculating I as
described. The overall index for all biomes was calculated
from the mean of biome-specific bt values.
(e) Analysis of the representativeness of LPI species
To quantify the taxonomic representativeness of the species
included in the LPI, the numbers of species in each vertebrate
class in the LPI dataset were compared with known species
totals taken from Groombridge & Jenkins (2000).
To compare the LPI species’ representativeness in terms of
biogeographic realm and biome, the LPI species were
compared with species lists compiled for each of the WWF
ecoregions. The 825 WWF ecoregions covering the earth’s
terrestrial surface are classified according to biome and
biogeographic realm. Importantly, all vertebrate species
except fish that have been recorded as occurring in each
ecoregion have been listed, so the total numbers of non-fish
vertebrates living ineach realmandbiomehavebeencalculated.
These listswere used to compare the numbers of species in each
realm and each biome in the LPI dataset with the numbers of
species recorded as occurring in each realm and biome. To
simplify the analysis, the 14 terrestrial ecoregion biomes were
reduced to four (table 2), and the non-marine species in theLPI
dataset were reclassified into these four simplified ecoregion
biomes. It was not possible to carry out this analysis
separately for freshwater and terrestrial species and it could
not be attempted at all for marine species because species lists
have not yet been completed for marine ecoregions.
Finally, the representativeness in terms of threat status of
the species in the LPI dataset was evaluated by comparing the
number of LPI species in each threat category with the totals
given in the 2000 IUCN Red List (Hilton-Taylor 2000). This
was done for birds and mammals only because these were the
only classes for which threat status had been assessed for all
species.
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Figure 2. Nearctic terrestrial realm (NA) and Afrotropical
terrestrial realm (AT) indices with 95% confidence intervals.
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3. RESULTS
(a) Index values obtained by the chain method
The first step in the calculation of a terrestrial,
freshwater or marine index is to calculate indices for
each biogeographic realm. Examples for terrestrial
species from the Nearctic and Afrotropical realms,
based on data for 269 and 71 species, respectively,
are shown in figure 2. TheNearctic realm index shows a
K13%change from1970 to 2000,with upper and lower
95%confidence limits atC1%andK27%, respectively,
whereas the Afrotropical realm index shows a change of
K62%over the same period, within confidence limits at
K31% and K82%. The confidence intervals for the
Afrotropical realm index are probablywider because it is
based on a smaller sample of species.
The next step is to calculate the index for terrestrial
species from all the realm-level indices (figure 3). It
should be noted here that each realm-level index
contributes equally to the calculation of the terrestrial
index, regardless of the size of the sample of species and
the series upon which they are based. The terrestrial
species index declined by 25% from 1970 to 2000,
with upper and lower 95% confidence limits at C4%
and K48%, respectively (figure 4), which reflects the
low precision of the component realm-level indices
based upon small samples.
By following the same procedure, we calculated
indices for freshwater and marine species from their
realm-level components (figure 4). These indices
are based on data for 299 species in six realms and
267 species in four oceans respectively. The
freshwater species index fell by approximately 55%
between 1970 and 2000, within 95% confidence
limits ranging from K37% to K68%. The marine
species index declined by about 25% over the same
period, with upper and lower confidence limits atC2%
and K46%.
As the last step in the procedure we calculated the
overall LPI from the terrestrial, freshwater and marine
indices (figure 5). It should again be noted that these
three components are given equal weight in the calcula-
tion of the overall index, regardless of the number of
species on which they are based. The overall LPI
declined by 38% from 1970 to 2000, with upper and
lower 95% confidence limits at K24% and K48%,
respectively.
(b) Comparison of indices calculated by the chain
method and the linear modelling method
We used the chain and linear modelling methods to
calculate the terrestrial index (figure 6). The two
methods give very similar results. The linear modelling
Phil. Trans. R. Soc. B (2005)
Table 2. Simplified ecoregion biomes used to analyse LPI species representativeness.
simplified ecoregion biome ecoregion biome
tropical and subtropical forest tropical and subtropical moist broadleaf forest
tropical and subtropical dry broadleaf forest
tropical and subtropical coniferous forest
mangroves
temperate and boreal forest temperate broadleaf and mixed forest
temperate coniferous forest
mediterranean forest, woodland and scrub
boreal forest/taiga
tropical grasslands, savannas and deserts tropical and subtropical grasslands, savannas and shrublands
deserts and xeric shrublands
flooded grasslands and savannas
temperate grasslands, savannas and tundra temperate grasslands, savannas and shrublands
























Figure 3. Indices for the six terrestrial realms (AA,
Australasian; AT, Afrotropical; IM, Indo-Malayan; NA,
















Figure 4. Terrestrial (T), freshwater (FW) and marine (M)
indices, with 95% confidence intervals.
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index declined slightly (about three percentage
points) more over the 30-year period than the chain
index. Confidence intervals have not been calculated
for the linear modelling index. A bootstrapping
procedure could be implemented to do this, but
this is not straightforward because bootstrapping on
series would lead to substantial variation among
bootstrap samples in the number of series contributing
to the calculation of changes across different time-
intervals.
(c) Representativeness of species used to
calculate the LPI
Birds and mammals are better represented in the LPI
than fish, amphibians or reptiles. Population time series
for approximately 6% of known bird species and nearly
5% of known mammal species are included in the LPI
dataset, whereas the figures for fish, amphibians and
reptiles are about 1% or less (figure 7).
Nearctic andPalaearctic species are over-represented
in the LPI by comparison with species from the
Australasian, Afrotropical, Indo-Malayan or Neotropi-
cal realms. Approximately 20% of all Nearctic ver-
tebrate species (excluding fish) are included in the LPI,
and about 6% of Palaearctic vertebrate species (exclud-
ing fish), whereas the statistics for the other realms are
only around 1%or less (table 3). This imbalance reflects
the facts that, while many more species population data
have been collected in temperate North America and
Europe, species diversity is far higher in tropical than in
temperate regions. The expected distribution of species
among classes and realms is compared with the actual
numbers of species in each class and realm in table 4. A
negative number indicates that a class is under-
represented in a given realm and a positive number
indicates that a class is over-represented in a given realm.
Species of temperate and boreal forest classes are
over-represented in the LPI compared with species of
tropical and subtropical forest (6% versus 1%, respect-
ively; figure 8). There is a similar over-representation of
temperate grassland and tundra species compared with
tropical grassland and desert species (3% versus!1%).
This disparity again reflects the reality that data
availability is lowest where species diversity is highest.
Threatened bird and mammal species are slightly
better represented in the LPI than non-threatened
birds and mammals, but the difference is small.
Approximately 6% of both threatened and non-
threatened bird and mammal species’ populations are
included in the LPI (figure 9). Within the broad
category of threatened species, critically endangered
species are slightly better represented (about 10% of
LPI bird and mammal species) than endangered
species (about 7%), which are slightly better rep-
resented than vulnerable species (about 5%).
4. CONCLUSIONS AND FUTURE DEVELOPMENTS
The LPI indicates that populations of wild species of
vertebrates have declined overall from 1970 to 2000.
The extent to which this is a reflection of trends in
global biodiversity as a whole has not been determined.
In situations where habitat loss is the primary cause of
population declines, it is reasonable to assume that
there is a positive correlation between declines in
vertebrate and non-vertebrate populations. Where
hunting, fishing or indirect exploitation is the cause of
a decline in a particular vertebrate species, the decline
will not necessarily be indicative of population trends in
other species in the same ecosystem. At large scales of
entire realms, oceans, regions or biomes, overall
declines in vertebrate populations are significant in
their own right and may also be seen as indicative of
changes in underlying ecosystem processes.
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Figure 6. Terrestrial index calculated by both the chain


































Figure 7. Percentage of known species in each vertebrate class
that are represented in the LPI (figures in columns are total
numbers of species included in the LPI).
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The LPI has a number of strengths as an indicator in
the context of the CBD 2010 target. First, it is easy to
understand and easy to communicate. It resonates with
a non-scientific audience because it is analogous to
well-known indicators like the Dow Jones Index, which
seek to measure the mood of the financial community.
Second, and importantly, data exist going back to the
1970s for many species, and even earlier for some. The
existence of reasonably long time series is crucial for
monitoring progress towards the 2010 target. Third,
species population trends can be used as a proxy
indicator of the state of the ecosystem that the species
inhabit. Finally, species population trend indices can be
constructed as indicators of biodiversity at any level:
nationally, regionally, globally, or by biome or biogeo-
graphic realm, provided that sufficient data exist.
There are also a number of weaknesses with the LPI
as a global biodiversity index. These weaknesses all
relate to the representativeness of the population data.
Data were taken from the literature according to
availability and are often not the results of a designed
programme of sampling of representative sites within a
given species’ range, nor of representative species
within a biogeographic realm and vertebrate class.
For some species, estimates of total population size
were available, but more frequently the data were for
small parts of a much larger range. These surveys were
sometimes for randomly selected sites designed to
cover the range, but more often they were not. Hence,
it is possible that trends indicated by the series that
were available for some species were not representative
of those for the species as a whole. It is also possible
that trends for the species for which we have data were
not typical of species of that class in the biogeographic
realm as a whole.
We have not yet attempted to quantify the extent of
possible biases. It might be possible to obtain
information regarding the motivation of researchers in
setting up or publishing their work. It is certainly
possible that some monitoring programmes have been
carried out because a species or population was thought
to be declining, or to monitor a response to beneficial
Phil. Trans. R. Soc. B (2005)
Table 4. Actual minus expected number of species in the LPI dataset, excluding fish, in each realm and vertebrate class.
(Terrestrial and freshwater biomes only.)
Australasian Afrotropical Indo-Malayan Nearctic Neotropical Palaearctic total
amphibians K9 K20 K11 39 K58 K5 K63
reptiles K31 K37 K30 K10 K60 K18 K186
birds K36 K36 K47 275 K81 133 208
mammals K12 24 4 29 K26 22 41
total K87 K69 K84 333 K225 132 0
Table 3. Number of non-marine vertebrate species in the LPI dataset, excluding fish, by vertebrate class and biogeographic
realm.
(Terrestrial and freshwater biomes only.)
Australasian Afrotropical Indo-Malayan Nearctic Neotropical Palaearctic total
amphibians 5 0 9 46 2 5 67
reptiles 3 7 6 2 5 2 25
birds 12 21 4 293 17 172 519
mammals 6 54 28 41 7 45 181
total 26 82 47 382 31 224 792
percentage of all
recorded species








































Figure 8. Percentage of all vertebrate species (excluding
freshwater fish) recorded in each simplified ecoregion biome

















































Figure 9. Percentage of all threatened bird and mammal
species in each IUCN threat category that are represented in
the LPI (figures in columns are total number of species
included in the LPI).
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management, either of which could lead to bias. It is
difficult to see how these potential sources of bias could
be fully quantified and even more difficult to see how
they could be allowed for.
Even if the trends of species included in the LPI are
taken to be representative of those for the whole of the
particular class and realm to which they belong, there
remains the problem of how to allow for the fact that a
higher proportion of species from some classes and
realms is included than from others. The over-
representation in the dataset of species from certain
realms and ocean basins is already partially allowed for
in the method chosen to calculate the index, which
gives equal weight to data-poor and data-rich realms.
However, there is no equivalent allowance for the over-
representation of some classes relative to others
within a realm. In principle, it would be possible to
post-stratify the data by class and realm and then to
calculate the overall index for, say, terrestrial species by
using weights of 1/pij, where pij is the proportion of
species of class i present in the jth realm that are
covered by the LPI database. This would reconstruct
the expected index obtained if all class–realm combi-
nations were subject to the same sampling rate.
However, this is not possible in practice because the
numbers of species for which data are available are too
small in many class–realm combinations. Expansion of
the database, especially for class–realms with data on
few species, might eventually allow this approach to be
implemented. The representation analysis (table 4)
provides an indication of the realms and classes of
species most needed.
Over-representation in the data of threatened
species might also be a source of bias although our
analysis indicates that this does not occur to any
marked extent in the current datasets for birds and
mammals. If present, this bias could be corrected by an
extension of the method described in § 2b for class and
realm, but this would require the expansion of the
numbers of species contributing information to data-
poor class–realm–threat category combinations.
Other problems caused by the scarcity of data are
that (i) not all realms have data for the last time interval
1995–2000, so the aggregated index across all realms is
unbalanced for this period, and (ii) the numbers of
species in the sample for some years in some realms in
some biomes are too small to use the bootstrap method
to calculate confidence intervals reliably.
Indices consisting of a chain of estimates of year-to-
year change may show drift if series begin and end in
different years and do not cover the whole time period
(Geissler & Noon 1981). Though our data are of this
kind, there was little difference between indices
calculated by the chain method and by the least-
squares linear model, which allows for staggered entry
and termination and missing data in intervening years.
Even so, we propose that linear model calculations
should replace the chain method because it would then
be possible to use the full dataset of annual data
without interpolating missing values.
At present the index includes populations of
indigenous and non-native species. This may be
regarded as undesirable for many purposes because
declines in populations of indigenous species represent
a decline in the biodiversity value in a region, whereas
many would consider declines in alien species to
increase biodiversity value. Data for non-native species
could be deleted from the LPI in future. The option of
producing separate indices for native and non-native
species is not feasible at present because the data
available for non-native species are insufficient.
In conclusion, although the LPI has faults that
cannot easily be remedied, we suggest that, even in its
present form, some of the problems arising from the
over-representation of some classes and realms are
reduced by the way that the index is calculated. It
would be possible to carry this reduction further by
post-stratification and weighting if sufficient new
information can be collected for data-poor classes,
realms and biomes. Putting all the LPI population
time-series into a searchable interactive database that is
accessible on the Internet and allowing remote data
input from anywhere in the world might allow the
necessary expansion of data holdings, though special
efforts such as regional workshops to stimulate the
collection and donation of data would probably also be
needed. Rigorous and transparent systems for checking
the quality of data are also required and might be
organized by groups of experts on each vertebrate class.
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Abstract
The relationships between biological and cultural diversity are drawing increasing attention from scholars. Analyses of these
relationships are beginning to crystallize around the concept of biocultural diversity, the total variety exhibited by the world’s
natural and cultural systems. Here, we present the first global measure of biocultural diversity, using a country-level index. The
index is calculated using three methods: an unadjusted richness measure, one adjusted for land area, and one adjusted for the size
of the human population. The adjusted measures are derived from the differences between observed and expected diversity
values. Expected diversity was calculated using the species–area relationship. The index identifies three areas of exceptional
biocultural diversity: the Amazon Basin, Central Africa, and Indomalaysia/Melanesia.
# 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
The relationships between biological and cultural
diversity, and the growing threats they face, have
drawn increasing attention from scholars over the last
decade (Harmon, 2002; Moore et al., 2002; Suther-
land, 2003; Maffi, in press). Analyses of these
relationships are beginning to crystallize around the
concept of biocultural diversity, the total variety
exhibited by the world’s natural and cultural systems
(Maffi, 2001). Here, we outline the first attempt to
quantify global biocultural diversity by means of a
country-level index, calculated in three ways: an
unadjusted richness measure, a measure of richness
adjusted for land area, and a measure of richness
adjusted for the size of the human population. These
measures, when analyzed in concert, indicate three
areas of exceptional biocultural diversity. By pin-
pointing these areas, the index of biocultural diversity
(IBCD) will help raise awareness about the threats
facing both biological and cultural diversity and could
help produce more enlightened public policy for their
protection.
Biocultural diversity may be thought of as the sum
total of the world’s differences, no matter what their
origin. It includes biological diversity at all its levels,
from genes to populations to species to ecosystems;
cultural diversity in all its manifestations (including
This article is also available online at:
www.elsevier.com/locate/ecolind
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linguistic diversity), ranging from individual ideas to
entire cultures; and, importantly, the interactions
among all of these. On a global scale, the primary
importance of biocultural diversity is that it is the
fundamental expression of the variety upon which all
life is founded. Conceptually, biocultural diversity
bridges the divide between disciplines in the social
sciences that focus on human creativity and behavior,
and those in the natural sciences that focus on the
evolutionary fecundity of the non-human world. The
result is a more integrated view of the patterns that
characterize life on Earth.
A basic premise of first-generation scholarship on
biocultural diversity has been that the relationships
between humans and non-human species, and between
them both and the landscapes they inhabit, do not run
on parallel tracks. Rather, these forms of diversity are
often closely linked, and sometimes may even be
constitutive of each other in important ways. Much of
this first-wave scholarship has aimed to establish
correlations between biological and cultural/linguistic
diversity in terms of geography, such as areas of
overlap (Moore et al., 2002; Manne, 2003; Sutherland,
2003); theory, such as how language may be related to
long-term environmental management in indigenous
communities (Maffi, 2001; Harmon, 2002); and
common threats to their continuation (Maffi, in press).
Among the challenges for the next wave of scholars
will be (1) to see if the relationships go deeper than
mere correlations to something approaching actual
coevolution; (2) to elucidate the complexities of how
humans and non-human species interact not only with
one another but also with the abiotic or geophysical
diversity of the earth, including that of its landforms
and geological processes, meteorology, and all other
inorganic components and processes (e.g. chemical
regimes) that provide the setting for life (see Gray,
2004); (3) to deepen the theoretical foundations of
biocultural diversity research. In all these aims, it
would be useful to have quantitative measures of
biocultural diversity on a global level.
The IBCD begins to fill this gap by using a
combination of five indicators to establish rankings of
biocultural diversity for 238 countries and territories.
We used the number of languages, religions, and
ethnic groups present within each country as a proxy
for its cultural diversity, and the number of bird and
mammal species and the number of plant species as a
measure of its biological diversity. The IBCD has three
parts:
 A biocultural diversity richness component (BCD-
RICH), which is a relative measure of a country’s
‘raw’ biocultural diversity using unadjusted counts
of the five indicators.
 An areal component (BCD-AREA), which adjusts
the indicators for land area and therefore measures a
country’s biocultural diversity relative to its
physical extent.
 A population component (BCD-POP), which
adjusts the indicators for human population and
therefore measures a country’s biocultural diversity
relative to its population size.
2. Methods
The IBCD gives equal weight to cultural and
biological diversity, so a country’s overall biocultural
diversity score is calculated as the average of its





In measuring a country’s cultural diversity CD, equal
weight is given to linguistic, religious and ethnic
diversity. Therefore CD is calculated as the average
of a country’s language diversity (LD), religion diver-




In measuring biodiversity BD, equal weight is given to
animal species diversity (using birds and mammals as
a proxy for all animal species marine mammals are
excluded from the analysis) and plant species diver-
sity. Therefore BD is calculated as the average of a
country’s bird and mammal species diversity (MD),




Each indicator is given an equal weighting as this is
the simplest way of calculating the index. As an
aggregated index, the IBCD could be calculated using
different weightings, to give greater or lesser impor-
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tance to any of the five component indicators. Alter-
native weightings are not analyzed here.
To derive country scores for each of the five compo-
nent indicators, we compared each country’s richness
value with the global value. For example, for language
diversity, LD is calculated as the log of the number of
languages spoken in a country divided by the log of the





where Li is the number of languages spoken in country
i, Lworld the number of languages spoken in the world
(currently 6800).
The calculation was repeated for the other four
indicators to derive BCD-RICH. Detailed discussion
of the methods is included in the index’s source
document (Harmon and Loh, 2004). Data sources
were as follows: languages (Grimes, 2000), religions
(Barrett et al., 2001), ethnic groups (Barrett et al.,
2001), bird/mammal species (Groombridge and
Jenkins, 2002), plant species (Groombridge and
Jenkins, 2002), country area (The Times, 2000;
countries smaller than 1000 sq km are excluded),
and country population (FAO, 2004; countries with a
population of less than 10,000 are excluded).
To compensate for the fact that large countries
tend to have a greater biological and cultural
diversity than small ones simply because of their
greater area (or greater population), we calculated
two additional diversity values for each country by
adjusting first for land area (BCD-AREA) and
second for population size (BCD-POP). This was
done by measuring how much more or less diverse a
country is in comparison with an expected value
based on its area or population alone. The method
used is a modified version of that used by Groom-
bridge and Jenkins (2002). As an example of the
methods used, calculations for the language indi-
cator value are shown in Tables 2 and 3. The process
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Table 2
Area-adjusted language diversity index (LD-AREA)







World/maximum value 136605342 8.14 6800 3.83 2.33 1.50 1.000
Papua New Guinea (highest) 462840 5.67 833 2.92 1.56 1.36 0.952
Turkmenistan (average) 488100 5.69 37 1.57 1.57 0.00 0.500
Greenland (lowest) 2175600 6.34 2 0.30 1.77 1.47 0.011
Minimum value 1.50 0.000
Table 1











Mali (average) 45 1.65 0.431
Bermuda (lowest) 1 0.00 0.000
Table 3
Population-adjusted language diversity index (LD-POP)
Country or territory Population
2000 (thousand)
P







Maximum value 6056710 6.78 12000a 4.08 2.48 1.60 1.000
Papua New Guinea (highest) 4809 3.68 833 2.92 1.34 1.58 0.995
Pakistan (average) 141256 5.15 76 1.88 1.88 0.00 0.501
Korea, DPR (lowest) 22268 4.35 2 0.30 1.58 1.28 0.099
Minimum value 1.60 0.000












































IBCD-RICH: 20 highest-ranking countries




















































World/maximum value 6800 1.000 10000 1.000 12583 1.000 1.000 14709 1.000 250876 1.000 1.000 1.000
Indonesia 736 0.748 535 0.682 744 0.700 0.710 2034 0.794 29375 0.827 0.811 0.760
Papua New Guinea 833 0.762 648 0.703 862 0.716 0.727 858 0.704 11544 0.752 0.728 0.728
Brazil 246 0.624 183 0.566 224 0.573 0.588 1886 0.786 56215 0.880 0.833 0.710
India 414 0.683 293 0.617 439 0.645 0.648 1313 0.748 18664 0.791 0.770 0.709
China 207 0.604 156 0.548 254 0.587 0.580 1494 0.762 32200 0.835 0.798 0.689
Nigeria 521 0.709 460 0.666 497 0.658 0.677 955 0.715 4715 0.680 0.698 0.688
United States 284 0.640 141 0.537 307 0.607 0.595 1078 0.728 19473 0.794 0.761 0.678
Cameroon 288 0.642 250 0.599 297 0.603 0.615 1099 0.730 8260 0.725 0.728 0.671
Congo, Dem Rep (Zaire) 221 0.612 173 0.560 260 0.589 0.587 1379 0.753 11007 0.749 0.751 0.669
Colombia 101 0.523 77 0.472 99 0.487 0.494 2054 0.795 51220 0.872 0.834 0.664
Mexico 303 0.647 36 0.389 278 0.596 0.544 1260 0.744 26071 0.818 0.781 0.663
Australia 315 0.652 83 0.480 133 0.518 0.550 901 0.709 15638 0.777 0.743 0.646
Peru 108 0.531 67 0.457 111 0.499 0.495 1998 0.792 17144 0.784 0.788 0.642
Malaysia 146 0.565 123 0.522 174 0.547 0.545 801 0.697 15500 0.776 0.736 0.640
Tanzania 141 0.561 119 0.519 163 0.540 0.540 1138 0.733 10008 0.741 0.737 0.638
Russia 119 0.542 67 0.457 169 0.543 0.514 897 0.709 11400 0.751 0.730 0.622
Myanmar 113 0.536 89 0.487 133 0.518 0.514 1167 0.736 7000 0.712 0.724 0.619
Sudan 142 0.562 119 0.519 245 0.583 0.554 947 0.714 3137 0.648 0.681 0.618
Philippines 184 0.591 152 0.545 183 0.552 0.563 349 0.610 8931 0.732 0.671 0.617
Ethiopia 88 0.507 118 0.518 145 0.527 0.518 903 0.709 6603 0.707 0.708 0.613
was repeated for the other four indicators to derive
BCD-AREA and BCD-POP.
The expected diversity was calculated using the
standard formula for the species–area relationship
log S = c + z log A where S = number of species,
A = area, and c and z are constants derived from
observation. Because the distributions of the five
indicators against land area and population size are
similar, we applied the same formula to indicators
of cultural diversity. Hence, for BCD-AREA
expected log Ni = c + z log Ai where Ni = number of
languages, religions, ethnic groups, or species in
country i, and Ai = area of country i. The same
formula was used for BCD-POP, except that Pi
(population of country i) replaces Ai. To find the
values of the constants c and z for each of the
indicators, we scatter-plotted log Ni (where Ni = num-
ber of languages, religions, ethnic groups, or species
in country i) against log Ai for all countries, and drew
the best-fit straight line through the points. Examples
for bird/mammal species and languages are in Figs. 1
and 2, respectively.
To calculate the deviation of each country from its
expected value, we subtracted the expected log Ni
value from the observed log Ni value. The index is
calibrated such that the world, or maximum, value is
set equal to 1.0, the minimum value is set equal to zero
and the average or typical value is 0.5 (meaning no
more or less diverse than expected given a country’s
area or population).
3. Results
By combining the results of BCD-RICH, BCD-
AREA, and BCD-POP, we identified three ‘core areas’
of global biocultural diversity that include countries of
various sizes and populations:
 The Amazon Basin, consisting of Brazil, Columbia
and Peru, which ranked highly in BCD-RICH;
Ecuador, which ranked highly in BCD-AREA; and
French Guiana, Suriname and Guyana, which
ranked highly in BCD-POP.
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Table 5
IBCD-AREA: 20 highest-ranking countries

































136605342 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Indonesia 1919317 0.870 0.787 0.785 0.814 0.671 0.751 0.711 0.762
Papua New Guinea 462840 0.952 0.837 0.850 0.880 0.597 0.663 0.630 0.755
Colombia 1141568 0.607 0.596 0.549 0.584 0.704 0.882 0.793 0.688
Cameroon 475442 0.797 0.737 0.715 0.750 0.641 0.600 0.621 0.685
Malaysia 330442 0.715 0.671 0.660 0.682 0.605 0.736 0.671 0.676
Brunei 5765 0.602 0.552 0.515 0.557 0.767 0.798 0.782 0.669
India 3165596 0.765 0.713 0.702 0.727 0.560 0.639 0.600 0.663
Nigeria 923768 0.853 0.787 0.758 0.799 0.576 0.459 0.518 0.658
Nepal 147181 0.727 0.641 0.638 0.669 0.651 0.637 0.644 0.657
Brazil 8547404 0.645 0.643 0.586 0.625 0.567 0.782 0.675 0.650
Mexico 1958201 0.741 0.506 0.661 0.636 0.582 0.728 0.655 0.645
Peru 1285216 0.611 0.579 0.560 0.583 0.692 0.676 0.684 0.633
Ecuador 272045 0.486 0.514 0.458 0.486 0.754 0.788 0.771 0.628
Philippines 300076 0.753 0.696 0.670 0.706 0.458 0.641 0.550 0.628
Viet Nam 331041 0.656 0.621 0.591 0.623 0.592 0.665 0.629 0.626
Tanzania 942799 0.663 0.646 0.618 0.642 0.607 0.595 0.601 0.622
Laos 236800 0.656 0.628 0.598 0.627 0.589 0.641 0.615 0.621
Congo, Dem Rep 2345095 0.687 0.665 0.647 0.666 0.587 0.560 0.574 0.620
Panama 75517 0.487 0.524 0.500 0.504 0.725 0.740 0.733 0.618
Solomon Islands 28370 0.729 0.668 0.637 0.678 0.511 0.589 0.550 0.614
 Central Africa, consisting of Nigeria, Cameroon
and the Democratic Republic of Congo (BCD-
RICH), Tanzania (BCD-AREA) and Gabon and
Congo (BCD-POP).
 Indomalaysia/Melanesia, consisting of Papua New
Guinea and Indonesia (BCD-RICH), Malaysia and
Brunei (BCD-AREA) and Solomon Islands (BCD-
POP).
The world’s four most bioculturally diverse coun-
tries – Papua New Guinea, Indonesia, Cameroon, and
Colombia – rank in the top 10 for all three components
of the index (see Tables 4–6 and Maps 1–3).
4. Discussion
The index of biocultural diversity has both
theoretical and practical implications. For researchers
of the interchanges between biological and cultural
diversity, it provides a global context against which
fine-grained analyses can be compared. For policy-
makers and donor organizations, it is a potential
framework for guiding strategic investments in
biocultural diversity conservation. The three ‘core
areas’ identified above are in that sense analogous to
the results of several schemes that recently have been
developed for identifying the world’s most important
areas for biodiversity conservation and ecoregion
protection (Davis et al., 1994; Stattersfield et al., 1998;
Myers et al., 2000; Olson et al., 2001). For the general
public, the index serves as a reminder that no matter
where a country ranks, its biocultural diversity is an
important part of the global complement.
The purpose of any global index is to use simple
proxies to indicate the status of complex phenomena.
Our index is intended to provide a snapshot of the
current distribution of the world’s biocultural diver-
sity. As more and better data become available,
particularly on the numbers of individuals in each
language group, religion, ethnic group, or species, it
will be possible to analyze trends. Then we will be
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Table 6
IBCD-POP: 20 highest-ranking countries




































6056710 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Papua New Guinea 4809 0.995 0.965 0.936 0.965 0.756 0.785 0.771 0.868
French Guiana 165 0.618 0.624 0.590 0.611 0.895 0.901 0.898 0.754
Suriname 417 0.611 0.622 0.572 0.602 0.942 0.805 0.874 0.738
Cameroon 14876 0.794 0.801 0.743 0.780 0.720 0.629 0.675 0.727
Indonesia 212092 0.789 0.807 0.756 0.784 0.641 0.682 0.662 0.723
Brunei 328 0.616 0.586 0.530 0.577 0.863 0.860 0.862 0.719
Colombia 42105 0.600 0.612 0.550 0.587 0.781 0.921 0.851 0.719
Gabon 1230 0.654 0.630 0.608 0.631 0.808 0.779 0.793 0.712
Guyana 761 0.566 0.577 0.526 0.557 0.916 0.809 0.862 0.710
Solomon Islands 447 0.786 0.762 0.705 0.751 0.628 0.706 0.667 0.709
Peru 25662 0.634 0.611 0.587 0.610 0.816 0.736 0.776 0.693
Australia 19138 0.794 0.649 0.623 0.689 0.651 0.740 0.695 0.692
Brazil 170406 0.651 0.675 0.602 0.643 0.642 0.831 0.737 0.690
Belize 226 0.593 0.542 0.545 0.560 0.878 0.741 0.809 0.685
Congo 3018 0.674 0.674 0.630 0.659 0.729 0.688 0.709 0.684
Laos 5279 0.683 0.683 0.635 0.667 0.685 0.711 0.698 0.682
Bolivia 8329 0.577 0.584 0.546 0.569 0.740 0.826 0.783 0.676
Malaysia 22218 0.682 0.695 0.654 0.677 0.610 0.727 0.668 0.673
Panama 2856 0.507 0.543 0.514 0.522 0.825 0.795 0.810 0.666
Central African
Republic
3717 0.689 0.673 0.647 0.670 0.745 0.568 0.656 0.663
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Fig. 1. Bird/mammal species—area plot.
Fig. 2. Languages—area plot.























































































able to get at the critical question of the rate of change
of the world’s biocultural diversity.
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Abstract: The task of measuring the decline of global biodiversity and instituting changes to halt and reverse
this downturn has been taken up in response to the Convention on Biological Diversity’s 2010 target. It is
an undertaking made more difficult by the complex nature of biodiversity and the consequent difficulty in
accurately gauging its depletion. In the Living Planet Index, aggregated population trends among vertebrate
species indicate the rate of change in the status of biodiversity, and this index can be used to address the
question of whether or not the 2010 target has been achieved. We investigated the use of generalized addi-
tive models in aggregating large quantities of population trend data, evaluated potential bias that results
from collation of existing trends, and explored the feasibility of disaggregating the data (e.g., geographically,
taxonomically, regionally, and by thematic area). Our results show strengths in length and completeness
of data, little evidence of bias toward threatened species, and the possibility of disaggregation into mean-
ingful subsets. Limitations of the data set are still apparent, in particular the dominance of bird data and
gaps in tropical-species population coverage. Population-trend data complement the longer-term, but more
coarse-grained, perspectives gained by evaluating species-level extinction rates. To measure progress toward
the 2010 target, indicators must be adapted and strategically supplemented with existing data to generate
meaningful indicators in time. Beyond 2010, it is critical a strategy be set out for the future development of
indicators that will deal with existing data gaps and that is intricately tied to the goals of future biodiversity
targets.
Keywords: biodiversity decline, Convention on Biological Diversity, Living Planet Index, population time series,
species abundance, threat indicators, 2010 target
Monitoreo del Cambio en la Abundancia de Vertebrados: El I´ndice del Planeta Viviente
Resumen: La tarea de medir la declinacio´n global de la biodiversidad y la institucio´n de cambios para
detener y revertir este decrecimiento se ha adoptado en respuesta al objetivo 2010 de la Convencio´n de
Diversidad Biolo´gica. Es un cometido que se hace ma´s dif´ıcil por la compleja naturaleza de la biodiversidad
y la consecuente dificultad de evaluar su reduccio´n con precisio´n. En el I´ndice del Planeta Viviente, las
tendencias poblacionales agregadas entre especies de vertebrados indican una tasa de cambio en el estatus
de la biodiversidad, y este ı´ndice puede ser utilizado para responder la pregunta s´ı el objetivo 2010 se ha
alcanzado o no. Investigamos el uso de modelos aditivos generalizados para agregar grandes cantidades de
datos de tendencias poblacionales, y exploramos la factibilidad de desagregar los datos (e.g., geogra´ficamente,
taxono´micamente, regionalmente y por a´rea tema´tica). Nuestros resultados muestran fortaleza en el detalle y
complecio´n de los datos, poca evidencia de sesgo hacia especies amenazada y la posibilidad de desagregacio´n
en subconjuntos significativos. Las limitaciones de los datos aun son aparentes, en particular la dominancia
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de datos de aves y vac´ıos en la cobertura de poblaciones de especies tropicales. Los datos de tendencias
poblacionales complementan el largo plazo, pero se obtienen perspectivas de grano ma´s grueso mediante
la evaluacio´n de tasas de extincio´n a nivel de especies. Para medir el progreso hacia el objetivo 2010,
los indicadores deben ser adaptados y estrate´gicamente suplementados con datos existentes para generar
indicadores significativos a tiempo. Ma´s alla´ de 2010, es cr´ıtico que se establezca una estrategia para el
futuro desarrollo de indicadores que aborden los vac´ıos de datos y que este´ intrincadamente ligada a las
metas de objetivos futuros de biodiversidad.
Palabras Clave: Convencio´n de la Diversidad Biolo´gica, declinacio´n de la biodiversidad, indicadores de ame-
naza, I´ndice del Planeta Viviente, objetivo 2010, series de tiempo poblacionales
Introduction
There is little prospect of effectively reducing global bio-
diversity loss unless trends in the state of biodiversity,
and human impact on it, can be measured first. In 2002
188 nations signed on to the Convention on Biological
Diversity (CBD) 2010 target of “achieving . . . a significant
reduction of the current rate of biodiversity loss” (UNEP
2002). Conservation scientists must devise ways to de-
termine whether or not the CBD 2010 target has been
met. Nevertheless, the task is complex. Biodiversity is a
multifaceted term, referring to the sum total of all biotic
variation from the level of genes to ecosystems (Groom-
bridge 1992). The sheer complexity of biological diver-
sity means that a single measure cannot describe it or
track its change. In response to the rapid rate of biologi-
cal degradation seen over the past 50 years (Millennium
Ecosystem Assessment 2005), the CBD has established
a framework of 7 focal areas measured by 22 headline
indicators to assess trends in biodiversity and ecosystem
function. These indicators are intended to be rigorous,
repeatable, have broad acceptance, and be easily com-
municated (European Academies Science Advisory Coun-
cil 2005; UNEP 2006). The reporting process of these
headline indicators is made more powerful by incorpo-
rating independent scientific assessment of the strategy
employed (Dobson 2005). It is important that all of the
CBD headline indicators follow this model. We sought
to evaluate how well one of these indicators, the Living
Planet Index (LPI), is achieving these aims.
The Living Planet Index
At the 8th Convention of the Parties, the LPI was adopted
as one of the potential measures to address the CBD head-
line indicator: change in abundance of selected species
(UNEP 2006). The LPI is based on what is believed to
be one of the largest time-series databases on vertebrate
populations, and it provides a broad range of vertebrate-
population trend indicators. The LPI began life as a com-
munications tool for a World Wildlife Fund (WWF) cam-
paign. One of its biggest assets is that it is a simple yet
powerful way of conveying information about changing
trends in biodiversity to nonexperts, from policy and de-
cision makers to the general public. Because of its devel-
oping role as a policy tool in monitoring progress toward
the 2010 biodiversity target, it is becoming evermore im-
portant that the indicator is as robust, sensitive, and un-
biased as possible. Ideally an indicator measuring change
in population abundance would measure a randomly se-
lected representative subset of taxa stratified across the
main habitat types for which one would like information.
These data do not exist. One form of recourse is to use
available data on monitored populations to generate an
indicator of population trends. Long-term data have much
to offer current conservation efforts (Willis et al. 2007),
but like many other species-based indicators, the LPI re-
lies on compiling data collected for a range of different
purposes. To ensure a robust and meaningful indicator,
discrepancies in representation must be accounted for
and minimized.
To assess how well this indicator informs the 2010 tar-
get, one must consider the feasibility of disaggregating
the data (e.g., geographically, taxonomically, regionally,
and by thematic area). This enhances the utility of the
indicator and provides more targeted insight into pat-
terns of biodiversity change. We explored the potential
of augmenting population trend data to allow disaggrega-
tion and present new population-trend indices that allow
finer-scale resolution of trends. There are advantages and
limitations to the use of this method to track changing
trends in vertebrate biodiversity. We set out a strategy for
the future development of this key biodiversity indicator.
Methods
Data Collection
We collated time-series information for vertebrate species
from published scientific literature, on-line databases
(e.g., NERC Centre for Population Biology 1999 [Global
Population Dynamics Database]; Pan-European Common
Bird Monitoring Scheme 2006), and gray literature. Data
were only included if a measure of population size was
available for at least 2 years; information was available
on how the data were collected and what the units
of measurement were; the geographic location of the
population was provided; the data were collected using
Conservation Biology
Volume 23, No. 2, 2009
Collen et al. 319
the same method on the same population throughout
the time series; and the data source was referenced and
traceable.
We collated additional information on each data set
so we could generate disaggregated indices. For each
population data set we collected data on the system the
population spent the majority of its time in and bred in
(terrestrial, freshwater, marine). For terrestrial and fresh-
water species which biogeographic realm the population
inhabited was recorded (Afrotropical, Australasian, Indo-
Malayan, Nearctic, Neotropical, or Palearctic), and for ma-
rine species which ocean basin the population occupied
(Arctic/Atlantic, Indian Ocean, Pacific Ocean, Southern
Ocean) was recorded. We assigned terrestrial and fresh-
water species to either tropical or temperate regions and
a habitat type (following the IUCN 2007b classification
scheme: forest, savanna, shrubland, grassland, wetland,
desert, artificial) and recorded its taxonomic class.
A quality score was generated for each time series by
combining several aspects of the study: type of source
(3, journal article; 2, government report or secondary
source; 1, expert judgement or unpublished report; 0, un-
known), type of method (3, full population count, index,
density measure, or measure per unit effort; 2, estimate;
1, proxy; 0, unknown), and whether or not a measure of
variation was calculated (1, yes; 0, no). We summed these
scores to determine the quality score, which could range
from 0 (lowest quality) to 7 (highest quality) for each
time series. Time series with a score from 0 to 4 were
considered poor quality, and those with scores from 5 to
7 were considered high quality.
Calculating Index Values
We used 2 different methods to generate index values: a
chain method (Loh et al. 2005) and a generalized additive
modeling technique (Fewster et al. 2000; Buckland et al.
2005). We followed Loh et al. (2005) to implement the
chain method; however, we calculated the logarithm of
the ratio of population measure for successive years (d),
rather than for 5 yearly intervals:
dt = log10(Nt/Nt−1), (1)
where N is the population measure and t is the year. One
percent of the mean population measure value for the
whole time series was added to all years in time series
for which N was zero in any year. Missing values were
imputed with log-linear interpolation:
Ni = N p(Ns/N p)
[(i−p)/(s−p)], (2)
where i is the year for which the value is interpolated,
p is the preceding year with a measured value, and s is
the subsequent year with a measured value. For species
with more than one time series, the mean value of dt was
calculated across all time series for that species. Species-







The index value (I) was then calculated in year t as
It = It−110
d¯t , (4)
with the index value set to 1 in 1970. Insufficient data
were available to continue the index beyond 2003 be-
cause of a lag in publication of data.
Time series with n < 6 were analyzed with the chain
method. For all other time series, we implemented a gen-
eralized additive model (GAM), specified with the mgcv
package framework in R (Wood 2006). For each time
series, we
1. fitted a GAM on observed values with log10(Nt) as the
dependent variable and year (t) as the independent,
2. set the smoothing parameter to the length of the pop-
ulation time series divided by 2 (Wood 2006),
3. selected the smoothing-parameter value by comparing
the estimated degrees of freedom when the smoothing
parameter was successively incremented by 1,
4. used fitted GAM values to calculate predicted values
for all years (including those with no real count data),
and
5. averaged and aggregated d values from the imputed
counts as described earlier.
A GAM framework might be advantageous in long-term
trend analysis because it allows change in mean abun-
dance to follow any smooth curve, not just a linear form
(Fewster et al. 2000). The GAM method has greater flexi-
bility for drawing out the long-term nonlinear trends that
are generally not elicited in the discrete annual estimates
of the chain method. We weighted the analysis, as de-
scribed earlier, with species with more than one time
series averaged across all the time series for that species.
We combined specific values with geometric means at
each time point and calculated the index.
To examine the effect of variation in data quality on
index trajectory, the index for terrestrial species was cal-
culated only with high-quality data, only low-quality data,
and with all available time-series data. To examine the
impact of equally weighting populations within species
(regardless of what percentage of the global population
they represented), we weighted each population by its
relative share of the global population for that species for
African mammals.
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Weighting and Aggregation
In all indices except one, populations were weighted
equally within species, and species were weighted
equally within each index. Indices for terrestrial and
freshwater systems were calculated as the geometric
mean of tropical and temperate species d¯t values. The
marine index was calculated from the geometric mean
of species d¯t values from four ocean indices. To inves-
tigate the impact of different weighting, for the African
mammal index, we estimated the proportion of the to-
tal global population that each population represents by
comparing mean population size over the whole time se-
ries. For rapidly changing populations, we used the last
available data point. Data were grouped into bins: <1,
1–25, 26–50, 51–75, and 76–100% of global population.
It is not possible to gather these types of data for all time
series in the data set; therefore, African mammals were
used to investigate the effects of this different weighting
strategy. Indices were calculated as earlier, but species-
specific values of dt were calculated by weighting ac-
cording to the proportion of global population the time
series represented.
Analyses
We used a bootstrap resampling technique to generate
confidence limits around index values. To calculate a
bootstrap replicate, for each interval, t−1 to t, a sample
of nt species-specific values of dt was selected at ran-
dom with replacement from the nt observed values. For
a given subindex within a system (tropical or temperate
for terrestrial and freshwater, ocean for marine), we car-
ried this out for each interval, and calculated d¯t and It
values as described earlier. We implemented the boot-
strap procedure 10,000 times and used the bounds of the
central 9,500 I values for each year to represent the 95%
confidence interval for the index in that year (Loh et al.
2005). Setting the base year (1970) to unity did not mean
there was no uncertainty associated with it, rather that
the uncertainty was inherited by the rest of the values in
the series.
Following Fewster et al. (2000), change points in the
index were identified by using the bootstrap to identify
time points at which the second derivative of the in-
dex differed significantly from zero. We identified years
where the slope of the log-index value on year changed
significantly, which identified where the annual rate of
change as a proportion changed. We analyzed taxonomic
representation of threatened status against coverage in
the IUCN Red List of Threatened Species (IUCN 2007a).
For each threat category, we used a binomial equality of
proportions test (Crawley 2002) to compare the propor-
tion of species in the LPI with the proportion of species
on the IUCN Red List. All methods were implemented in
R (version 2.5.1, R Development Core Team 2006).
Results
Trends in Vertebrate Populations
The 4218 vertebrate populations of 1411 species in the
index showed a significant decrease in abundance be-
tween 1970 and 2003 (Fig. 1: 2003 index value 0.80; 95%
CI 0.77–0.86). The differences between systems (Figs.
2a–c) broadly showed that abundances of terrestrial,
freshwater, and marine species have been profoundly de-
graded over the past 3 decades and that tropical species
have been more heavily affected than those in temperate
regions.
We present 3 examples of disaggregation that may
shed light on particular patterns of biodiversity degrada-
tion (for clarity, not all disaggregations are presented—
see Supporting Information). Biogeographical disaggrega-
tions by realm (Fig. 3a) showed species in tropical realms
such as the Afrotropics deteriorated faster than species in
temperate realms such as the Nearctic. Disaggregated by
biome (Fig. 3b), tropical forest populations declined at a
greater rate than temperate forests. Taxonomic disaggre-
gation within habitat (Fig. 3c) showed the abundance of
grassland birds maintained a relatively flat trend over the
past 3 decades in comparison with grassland mammals,
which declined more rapidly.
Of the aggregated system-level indices (terrestrial,
freshwater, marine), only the terrestrial index showed
significant change points, the most recent 2 of which
(2000 and 2002) showed a significant negative change in
slope.
Figure 1. Average global Living Planet Index values
for the 3 component indices (terrestrial, freshwater,
and marine; 1411 species; 4218 populations).
Confidence intervals (vertical lines) for the index are
95% values around the mean, generated with 10,000
bootstrap replicates (see Methods).
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Figure 2. System-level (terrestrial, freshwater,
and marine) indices for (a) temperate terrestrial
(dashed), tropical terrestrial (dotted), and global
terrestrial (solid) vertebrate species (739 species,
1585 populations), (b) temperate freshwater
(dotted), tropical freshwater (dashed), and global
freshwater (solid) vertebrate species (375 species,
1442 populations), and (c) Atlantic Ocean (heavy
dashed), Pacific Ocean (light solid), Southern Ocean
(light dashed), Indian Ocean (dotted), and global
marine (heavy solid) vertebrate species (297 species,
1191 populations). Crosses in (a) are significant
negative change points. Confidence intervals (vertical
lines) are 95% values around the mean, generated
with 10,000 bootstrap replicates (see Methods).
For all CIs see Supporting Information.
Figure 3. Living Planet indices for (a) Nearctic
terrestrial (dashed) and Afrotropical terrestrial (solid)
realms, (b) temperate forest (dashed) and tropical
forest (solid) biomes, and (c) grassland birds (dashed)
and grassland mammals (solid). Scatter plots ([a] and
[b]) are the number of species contributing to the
index in each year (right-hand axis) (filled circles go
with the solid line and open circles with the dotted
line). Confidence intervals (vertical lines) are 95%
values around the mean, generated with 10,000
bootstrap replicates (see Methods).
Potential Weaknesses in Indices of Abundance
The data we used to construct the LPI were a matrix
of 34 years by 4,218 populations: 143,412 potential data
points. Nevertheless, not all time series started in 1970
and ended in 2003, so there were only 77,386 potential
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Figure 4. Distribution of length of time-series data
against (a) proportion of all time-series data for each
system in the Living Planet Index and (b) proportion
of time-series data with noninterpolated data for
populations in freshwater (light gray), marine (dark
gray), and terrestrial (black) systems (4218
populations).
data points. The index contained values for 55,852 of
these potential data points, a little over 72%, because
not all data sets contained data for every year it cov-
ered. The missing 28% in this matrix were interpolated
with the chain method or were imputed from the fit-
ted statistical model in the GAM approach; none were
extrapolated.
There are 3 key aspects of any given time series that
might affect overall trends: series length (i.e., number of
years from start to finish), series fullness (i.e., proportion
of data points in the series that had measured [nonin-
terpolated] values), and one as a function of the other.
The majority of population time series collected covered
around 20 years (Fig. 4a). The mean time-series length
for marine populations was 19.88 years (SE 0.27; n =
1193), terrestrial populations 26.70 years (SE 0.25; n =
1518), and freshwater populations 17.89 years (SE 0.33;
n = 1442). As well as being long, most time series were
relatively complete. The most complete time series were
also some of the longest, particularly in terrestrial and
freshwater systems (Fig. 4b).
Indices accurately represented threat levels of some
but not all vertebrate taxa (Table 1). Birds, amphibians,
and reptiles appeared accurately represented compared
with their representation in the IUCN Red List, although
for the latter group, red-list coverage was highly incom-
plete, covering just 664 of the estimated 8240 species
(IUCN 2007). Of the 289 mammals, species categorized
as critically endangered and endangered were slightly
overrepresented (Table 1: χ2 = 9.29, p < 0.01 and χ2 =
16.57, p < 0.001, respectively), whereas mammals cate-
gorized as least concern were slightly underrepresented
(χ2 = 17.12, p < 0.001). Fish were underrepresented in
all threat categories (Table 1), although coverage of the
red list was highly incomplete, covering only 2899 of the
estimated 29,300 species (IUCN 2007).
Relative to the species richness of the temperate and
tropical regions, there were many more data from tem-
perate regions than tropical regions in the data set. To
counter this geographic bias, we gave aggregated trends
for tropical and temperate species’ populations equal
weight in the calculation of the global index. Although
coverage in temperate regions was extensive (Fig. 5) and
certain tropical regions (e.g., eastern and southern Africa)
had good coverage, there were some clear data gaps.
This was particularly the case in South America, but it
was also the case in some places where better coverage
might have been expected (e.g., Australia). The distri-
bution was similar for terrestrial and freshwater popu-
lation coverage. Marine data tended to be clustered at
the coast, with relatively few deep-ocean populations
represented.
For terrestrial species, where data were most com-
plete, the ratio of threatened to nonthreatened species
varied little. Although there was a weak effect of year
on population total (Table 2), which one would expect
from a declining index, it was not significantly differ-
ent between threatened and nonthreatened species (i.e.,
there were not more threatened species toward the end
of the index [see Supporting Information]).
Data sets showing declining trends might be published
more quickly and so bias the index to show a negative
trend toward the present. There was no significant dif-
ference in publication date between the declining time
series and nondeclining time series (Wilcoxon rank-sum
test Z = −1.33, p > 0.05). There was also no significant
difference in whether different publication types (journal
article or gray or secondary literature) reported declining
time series (χ2 = 1.85, df = 1, p > 0.05).
With the exception of poor-quality data for temper-
ate terrestrial populations, good-quality data exhibited
similar trends as poor-quality data and all data (see Sup-
porting Information). Nevertheless, the index generated
with temperate poor-quality data had a qualitatively dif-
ferent trajectory (increasing trend, rather than a zero
trend line) than either good-quality or all temperate
data. When indices for poor-quality temperate bird and
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Table 1. The proportion of species in each IUCN Red List category in the Living Planet Index (LPI) and IUCN Red List of Threatened Species (IUCN
2007a) for 5 vertebrate classes.
Taxon Categorya LPI IUCN χ2 valueb Representationc
Mammalsd CR 0.07 0.03 9.29∗∗ over
EN 0.14 0.07 16.57∗∗∗ over
VU 0.14 0.12 0.72 —
NT or LR/cd 0.19 0.14 5.61∗ over
LC 0.42 0.55 17.13∗∗∗ under
total no. spp. 289 4864
Birdsd CR 0.02 0.02 0.02 —
EN 0.03 0.04 0.004 —
VU 0.06 0.07 0.4 —
NT 0.04 0.08 14.14∗∗∗ under
LC 0.83 0.78 11.41∗∗∗ over
total no. spp 817 9934
Reptiles CR 0.20 0.11 2.31 —
EN 0.15 0.15 0.00 —
VU 0.20 0.25 0.45 —
NT or LR/cd 0.11 0.15 0.37 —
LC 0.13 0.20 1.06 —
total no. spp. 46 664
Amphibiansd CR 0.05 0.07 0.35 —
EN 0.04 0.07 1.00 —
VU 0.05 0.11 2.02 —
NT 0.09 0.06 0.52 —
LC 0.63 0.38 19.18∗∗∗ over
total no. spp 79 5918
Fishes CR 0.01 0.09 17.63∗∗∗ under
EN 0.04 0.08 5.87∗ under
VU 0.06 0.23 41.66∗∗∗ under
NT or LR/cd 0.00 0.08 20.90∗∗∗ under
LC 0.08 0.28 50.74∗∗∗ under
total no. spp. 264 2899
aAbbreviations: CR, critically endangered; EN, endangered; VU, vulnerable; NT, near threatened; LR/cd, lower risk/conservation dependent; LC,
least concern.
bChi-square calculated from a binomial test for equality of proportions ( ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001).
cWhether the group is over- or underrepresented for the red-list category.
dGroup comprehensively assessed by IUCN.
mammal data were plotted separately, they showed qual-
itatively similar results (not reported), so it is unlikely
that a certain species group was driving this upward
trend.
Figure 5. Geographic
distribution of terrestrial (black),
freshwater (gray), and marine
(white) populations included in
the Living Planet Index.
For African terrestrial mammals, weighting each pop-
ulation by its relative share of the global population did
not significantly alter the trajectory of the index (see Sup-
porting Information).
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Table 2. Effect of year on population total for terrestrial mammals,
accounting for threat status.
Sum of Mean F
df squares square ratio
Threat statusa 1 1.8 × 10−25 1.8 × 10−25 2.35 × 10−27
Totalb 1 1026.4 1026.4 13.40 (p < 0.01)
Threat status: 1 209.5 209.5 2.74
total
Residuals 62 4748.1
aThreat status is binary (threatened or other; see Methods).
bTotal is total number of terrestrial populations in any given year.
Discussion
Rate of Abundance Loss
Ever increasing levels of human impact and resource
consumption are driving many species toward extinc-
tion. More important, before they reach this point, local
abundance of species is declining rapidly, limiting the
ability of ecosystems to maintain ecological functions
and services. Our study reveals an overall decline in ver-
tebrate population abundance between 1970 and 2003.
The negative change in populations in terrestrial systems
since 1970 is underpinned by a more rapid rate of decline
in populations of tropical species and a more stable over-
all trend for temperate species. Nevertheless, the data sets
we examined did not extend back far enough to detect
the much larger declines that likely occurred in temper-
ate systems before 1970 (Millennium Ecosystem Assess-
ment 2005). Similar patterns were apparent in freshwater
systems, where populations of tropical species declined
in abundance at a much greater rate than temperate pop-
ulations. In the marine system, relatively stable trends
were evident in the Pacific, Arctic, and Antarctic oceans,
in comparison with the rapid declines observed in the
Indian, Southeast Asian, and Southern oceans.
It is paramount that this index be interpreted in rela-
tion to the CBD’s 2010 target: a decrease in rate of de-
cline. The LPI is based on a proportional change in abun-
dance measure. Therefore, a significant change showing
the slope becoming less negative before 2010 would in-
dicate the target has been met. Nevertheless, any down-
ward trend, even if diminishing, would show popula-
tions in decline. Currently, there is no indication from
population-abundance data that the 2010 target will be
met at the global level.
Limitations of Abundance Data
It is useful to imagine a perfect LPI, which would aggre-
gate global population time-series data for every species
in the world. A representative subset of the perfect LPI
would show the same trend if the selected populations
remained representative of total populations. It is impor-
tant to understand the areas in which the LPI falls short
of these standards to provide a focus for improvement.
Large quantities of data on population abundance in this
study were of long and full time series that required little
interpolation. Nevertheless, this reflects just one aspect
of data quality.
There was little bias toward threatened species. Nev-
ertheless, the taxonomic scope of data coverage was re-
stricted to vertebrates; specifically, it was predominated
by birds and mammals, with disproportionately fewer
amphibian, reptile, and fish populations. How vertebrate
trends relate to that of broader biodiversity is still largely
unknown. Even so, the method is applicable to any data
that meet the selection criteria, and work has begun
to extend the approach to include plants, a group that
currently lacks meaningful trend information, aside from
small subsets (e.g., cycads and conifers; IUCN 2007a).
The utility of the LPI method has been questioned on
the grounds of geographic coverage (Pereira & Cooper
2006). By weighting tropical and temperate species
equally, geographic imbalance is addressed to some ex-
tent in the index calculation. As with all indicators of bio-
diversity change, the LPI relies on available data, which
are inevitably more abundant in better-studied regions.
Our results showed that although population trends were
underrepresented in the tropics, global coverage was
relatively good. A more balanced geographic sampling
that enhances reliability and ensures biases are further
reduced can be achieved if the network of data providers
increases and if focus is placed on data-poor regions.
Nonetheless, the LPI will always be restricted to those
populations that happen to have been studied.
These issues highlight concerns over indicators of bio-
diversity change that are more wide reaching. The factor
that most limits progress in understanding biodiversity
change is that many of the existing data relate to species
from temperate regions, whereas the majority of biodiver-
sity is found in the tropics. Although long-term data col-
lection in these understudied regions is becoming more
widespread (e.g., Whitfield et al. 2007), most collecting
efforts will not be in time for 2010. This restricts the abil-
ity to make robust statements about the global-decline
dynamics of species.
Potentially the biggest limitation to producing robust
indicators of change in population abundance may re-
sult from variation in the nature of underlying data. A
change in type of data collected over time (e.g., from
large, wide-ranging, stable populations to small popula-
tions of conservation concern) could artificially result in
a declining trend toward the present. Nevertheless, the
advent of conservation biology in the late 1970s and early
1980s was born out of concern over human impact on
the environment. It is almost impossible to separate out
a change in study focus from genuine change in pop-
ulation status. One possibility is to examine publication
type. Publication bias can result whenever the probability
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that a study will be published depends on the signifi-
cance of its results, the “file drawer problem” (Rosenthal
1979). The time series in the LPI were not published
more quickly if they showed declining species abun-
dance, and broadly speaking, declining populations were
not disproportionately documented in peer-reviewed
journals.
A criticism of the technique we used here is that all
decreases in population size, regardless of whether they
brought a population close to extinction, were accounted
for equally (Pereira & Cooper 2006). From an ecosystem
perspective, a decline in an abundant and widespread
species is likely to be of greater importance than an equiv-
alent decline in a rare endemic one of small population
size. Nevertheless, a local decline in a small population of
a widely distributed species is not as important as a global
decline. On a related point, in our method, all populations
are given equal weighting. An extreme example of possi-
ble impacts of this is that it is plausible that 2 populations,
one containing 90% of the global species abundance, and
the other just 10%, would get equal weighting in the in-
dex. From a subset of African mammals, for which we
were able to obtain global population estimates, there
was no significant difference in the indices calculated
with equal and proportional weighting methods. It is our
intention to extend this approach beyond this subset of
species, once additional data are available.
Strengths of Abundance Data
That the LPI can be disaggregated into meaningful subsets
is one of its greatest strengths. For example, grassland
mammals appear to be declining at a higher rate than
grassland birds. Possible mechanisms include greater
hunting pressure and the effects of anthropogenic ma-
nipulation of grasslands (burning, conversion into agri-
culture), which affects mammals. Increasingly it appears
that species groups may not all be reacting to anthro-
pogenic pressures to the same extent (e.g., Thomas et al.
2004).
An effective indicator of biodiversity change should fit
a number of both scientific and practical criteria. It should
simplify information to be representative, quantitative,
responsive to change, susceptible to analysis, policy rel-
evant, and tractable (Gregory et al. 2005). Our method
appears to posses many of these attributes, in particular
it is sensitive to change, quantitative, policy relevant, and
easy to communicate.
Measuring species’ decline and extinction is not
straightforward. Species extinction represents a coarse
measurement of the loss of biodiversity because most
species are poorly known; many species remain very rare
for lengthy periods before becoming extinct; and scien-
tists are reluctant to classify a species as extinct before
being absolutely certain (Mace et al. 2003). Species ex-
tinction is also relatively insensitive to short-term change
(Balmford et al. 2003). The disappearance of popula-
tions is a prelude to species-level extinctions, so per-
haps measuring population reduction represents a more
sensitive indicator of the loss of biodiversity (Ceballos
& Ehrlich 2002). The time lag between human impact
and a corresponding detectable negative trend in popu-
lations may be short enough to enable more proactive
conservation action than that measured by species-level
changes.
Informative Population Data
Overall population size is not always the best indicator
of long-term population trend. For long-lived vertebrate
species in particular, extinction debts can occur (e.g.,
when populations are subjected to a period of habitat
degradation, but persist in a landscape for some time
after degradation has made their eventual extinction in-
evitable) (Hanski & Ovaskainen 2002; Carroll et al. 2004).
Detailed demographic information may tell us more about
the fate of populations. Nevertheless, additional informa-
tion on informative parameters other than population
size are seldom collected, other than in certain well-
developed monitoring programs (Katzner et al. 2007).
For taxa in which recruitment is more variable than
survival, the relationship between population abundance
and time may vary depending on the species (Alford &
Richards 1999). Because of naturally high fecundity and
mortality rates, certain species are likely to show noisier
trends on annual timescales, but one would nevertheless
expect to see longer-term trends emerge over decadal
timescales given adequate monitoring. Although certain
life-history traits and demographic parameters may bet-
ter predict future population trends across taxa, these
are currently not well understood, and the utility of any
given trait is likely to vary both across taxa and under dif-
fering threatening processes, so general applicability of
conclusions at a global scale might be limited. Despite the
drawbacks and the difficulties associated with data col-
lection, population abundance appears the only tangible
option in the short term.
Strategy for the Future
Biodiversity is a multifaceted term, one which cannot be
reduced to a simple number (Magurran 1988; Purvis &
Hector 2000); therefore, following trends in abundance
is just one of several important metrics that feed into a
broader range of indicators. Across all monitoring pro-
grams and indicators of biodiversity loss, it is evident
that a fraction of biological systems and the species and
habitats integral to them are being monitored. In general,
temperate terrestrial systems, birds, commercially impor-
tant, and large species are monitored better than other
species, simply because it is the most expedient thing
to do. Regions are not evenly affected by anthropogenic
pressures, and taxa do not respond in a uniform manner
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to these threats (Mace et al. 2003; Isaac & Cowlishaw
2004). If the changing state of biodiversity is to be mea-
sured accurately and address the 2010 target, this imbal-
ance must be redressed.
Ultimately, population-trend data provide a comple-
ment to the longer-term, but more coarse-grained, per-
spectives gained by evaluating species-level extinction
rates. Combined, they may offer a robust and broad
view of the changing state of nature. The year 2010 is
close, and its proximity invites remedial action and short-
term fixes (Willis et al. 2007). Indicator development
has necessarily taken an approach of adopting, adapting,
and strategically supplementing existing indicators. Nev-
ertheless, establishing long-term systematic monitoring
programs and understanding the relationship between
vertebrate population trends and the remainder of biodi-
versity in its broadest sense is integral to ensuring more
useful and more policy-relevant indicators for 2010 and
beyond.
We recommend 2 parallel processes of development.
In the short term, the indicator will benefit from the
systematic addition of time-series data, mined from the
available literature to continue improving coverage. Tar-
geted searches to fill the gaps identified here should be
conducted. More representative coverage will then en-
able analytical development, refinement, validation, and
stratification of the index.
In the medium to long term, the aim should be to imple-
ment a systematic stratified design, to address bias within
the data set. After stratification of the data (e.g., by taxon
within realm), recalculating the index would control for
uneven coverage of strata. Data coverage of strata such
as in the Neotropics and particularly for amphibian, rep-
tile, and fish species, remains insufficient, therefore it is
currently not feasible to stratify data for these data-poor
areas. The gaps in the data we highlight here will serve
to guide priorities and support monitoring of key species
populations at unmonitored sites. These 2 concurrent
strategies will improve the scope for analysis and tackle
the issues raised in this study as part of the continued
development of the LPI.
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Ratio of threatened to other (including DD and non-threatened) terrestrial species 
population totals for each year of the index.  Dotted line is the mean ratio value over 

































































Comparison of indices generated for terrestrial species in (a) tropical systems, b) 
temperate systems and c) aggregated into a terrestrial index.  Each figure compares 
all data (solid line) with only good quality data (long dashed line) and only poorer 
quality data (short dashed line) ± see Materials and Methods for detail on how quality 
score was generated.  Confidence limits are 95% values around the mean of all data, 
generated using 10,000 bootstrap replicates (see Materials and Methods).  To 
assess the impact of variation in data quality for terrestrial species, the combined 
index for each of the tropical terrestrial, and temperate terrestrial data sets is not an 
aggregation of good and poor quality data, rather all of the data given equal weight at 



































































Indices of African terrestrial mammals using two different techniques for weighting 
populations.  Equal weighting for each population = solid line, population weighted by 
relative contribution to global population = dashed line.  N = 87 species, 288 
populations.  Confidence limits are 95% values around the mean, generated using 
























Table S4: Living Planet Index 1970-2003
Systems 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Living Planet Index 1.000 1.007 1.011 1.011 1.010 1.008 1.006 1.003 0.999 0.993 0.985 0.978 0.973 0.968 0.960 0.952
lower 95% CI 1.000 0.994 0.994 0.992 0.990 0.986 0.983 0.977 0.972 0.964 0.955 0.948 0.943 0.937 0.928 0.919
upper 95% CI 1.000 1.024 1.031 1.032 1.032 1.032 1.032 1.031 1.028 1.023 1.016 1.009 1.005 1.002 0.994 0.986
Freshwater Temperate 1.000 1.010 1.038 1.055 1.071 1.081 1.097 1.107 1.127 1.145 1.155 1.158 1.165 1.170 1.168 1.174
lower 95% CI 1.000 0.995 1.014 1.027 1.041 1.048 1.060 1.065 1.080 1.096 1.103 1.102 1.106 1.109 1.106 1.108
upper 95% CI 1.000 1.024 1.071 1.089 1.107 1.120 1.139 1.153 1.178 1.198 1.211 1.219 1.229 1.236 1.236 1.245
Freshwater Tropical 1.000 1.025 1.033 1.020 1.010 1.000 0.993 0.990 0.987 0.985 0.978 0.964 0.952 0.942 0.926 0.907
lower 95% CI 1.000 0.970 0.962 0.946 0.931 0.921 0.909 0.900 0.894 0.887 0.877 0.862 0.848 0.838 0.820 0.801
upper 95% CI 1.000 1.118 1.138 1.127 1.118 1.111 1.104 1.105 1.106 1.106 1.102 1.092 1.080 1.071 1.056 1.037
Freshwater Index 1.000 1.019 1.035 1.037 1.040 1.040 1.043 1.047 1.054 1.062 1.063 1.056 1.051 1.049 1.039 1.032
lower 95% CI 1.000 0.990 0.996 0.995 0.996 0.994 0.994 0.994 0.999 1.004 1.003 0.994 0.988 0.984 0.973 0.965
upper 95% CI 1.000 1.065 1.087 1.091 1.096 1.097 1.104 1.110 1.121 1.131 1.134 1.129 1.125 1.124 1.115 1.110
Marine Atlantic 1.000 1.007 1.015 1.023 1.029 1.035 1.040 1.046 1.051 1.057 1.064 1.071 1.078 1.086 1.095 1.103
lower 95% CI 1.000 0.988 0.987 0.990 0.991 0.994 0.997 1.000 1.002 1.006 1.011 1.018 1.023 1.030 1.038 1.045
upper 95% CI 1.000 1.027 1.043 1.057 1.069 1.078 1.087 1.095 1.103 1.109 1.118 1.128 1.136 1.147 1.158 1.168
Marine Indian 1.000 1.002 1.011 1.021 1.030 1.010 0.959 0.911 0.874 0.832 0.796 0.786 0.779 0.771 0.762 0.751
lower 95% CI 1.000 0.971 0.966 0.965 0.968 0.936 0.858 0.798 0.757 0.714 0.676 0.666 0.656 0.646 0.635 0.624
upper 95% CI 1.000 1.038 1.061 1.080 1.099 1.087 1.060 1.030 0.998 0.960 0.929 0.920 0.916 0.910 0.904 0.893
Marine Pacific 1.000 0.984 0.972 0.960 0.950 0.943 0.947 0.951 0.955 0.961 0.966 0.983 1.001 1.017 1.032 1.048
lower 95% CI 1.000 0.957 0.937 0.919 0.904 0.894 0.892 0.893 0.894 0.897 0.899 0.912 0.926 0.938 0.948 0.959
upper 95% CI 1.000 1.011 1.008 1.002 0.998 0.996 1.006 1.013 1.021 1.032 1.041 1.060 1.084 1.105 1.124 1.144
Marine Southern 1.000 0.994 0.992 0.985 0.983 0.978 0.957 0.936 0.909 0.879 0.841 0.801 0.768 0.738 0.711 0.686
lower 95% CI 1.000 0.937 0.915 0.896 0.883 0.870 0.844 0.819 0.791 0.762 0.726 0.691 0.661 0.632 0.607 0.584
upper 95% CI 1.000 1.053 1.072 1.082 1.095 1.097 1.084 1.065 1.039 1.011 0.970 0.928 0.892 0.860 0.830 0.804
Marine Index 1.000 0.997 0.997 0.997 0.998 0.991 0.975 0.960 0.945 0.928 0.911 0.902 0.896 0.890 0.884 0.879
lower 95% CI 1.000 0.978 0.972 0.967 0.965 0.954 0.933 0.913 0.896 0.878 0.860 0.851 0.843 0.836 0.830 0.823
upper 95% CI 1.000 1.016 1.023 1.027 1.032 1.030 1.020 1.008 0.996 0.981 0.965 0.958 0.953 0.948 0.943 0.939
Terrestrial Index 1.000 1.008 1.005 1.003 1.001 1.003 1.007 1.009 1.002 0.994 0.987 0.979 0.971 0.966 0.955 0.942
lower 95% CI 1.000 0.995 0.987 0.982 0.978 0.977 0.979 0.979 0.970 0.961 0.953 0.944 0.935 0.929 0.918 0.903
upper 95% CI 1.000 1.021 1.023 1.024 1.025 1.029 1.035 1.038 1.034 1.028 1.022 1.015 1.008 1.004 0.995 0.982
Terrestrial Tropical 1.000 1.018 1.016 1.020 1.024 1.034 1.037 1.036 1.019 0.997 0.978 0.959 0.942 0.932 0.912 0.887
lower 95% CI 1.000 0.994 0.985 0.983 0.982 0.988 0.988 0.982 0.961 0.936 0.916 0.895 0.878 0.867 0.846 0.819
upper 95% CI 1.000 1.044 1.050 1.059 1.070 1.084 1.090 1.093 1.081 1.060 1.042 1.024 1.008 1.002 0.982 0.959
Terrestrial Temperate 1.000 0.998 0.993 0.987 0.978 0.973 0.978 0.982 0.986 0.991 0.997 0.999 1.002 1.001 1.001 1.000
lower 95% CI 1.000 0.988 0.979 0.969 0.956 0.949 0.953 0.957 0.960 0.964 0.970 0.972 0.974 0.973 0.971 0.970
upper 95% CI 1.000 1.006 1.005 1.003 0.997 0.995 1.000 1.007 1.011 1.016 1.022 1.026 1.029 1.030 1.030 1.030
WEIGHTED
Terrestrial African Mammals Equal wt 1.000 1.012 1.008 1.006 1.002 1.005 1.002 0.991 0.976 0.960 0.944 0.925 0.905 0.897 0.878 0.857
lower 95% CI 1.000 0.989 0.978 0.972 0.962 0.961 0.955 0.942 0.925 0.908 0.891 0.870 0.849 0.840 0.820 0.796
upper 95% CI 1.000 1.037 1.040 1.043 1.045 1.051 1.052 1.045 1.032 1.018 1.003 0.985 0.966 0.960 0.945 0.924
Terrestrial African Mammals weighted 1.000 1.009 1.004 1.001 0.995 0.997 0.994 0.981 0.965 0.948 0.931 0.911 0.890 0.882 0.865 0.844
lower 95% CI 1.000 0.983 0.971 0.962 0.952 0.950 0.943 0.928 0.910 0.893 0.874 0.854 0.833 0.822 0.804 0.782
upper 95% CI 1.000 1.035 1.038 1.040 1.039 1.046 1.044 1.035 1.021 1.005 0.988 0.969 0.949 0.943 0.928 0.910
REALMS
Terrestrial Afrotropical 1.000 1.011 1.011 1.013 1.019 1.030 1.033 1.026 1.015 1.002 0.987 0.967 0.947 0.939 0.918 0.895
lower 95% CI 1.000 0.987 0.981 0.979 0.980 0.988 0.988 0.977 0.964 0.948 0.933 0.913 0.891 0.882 0.859 0.834
upper 95% CI 1.000 1.035 1.043 1.050 1.060 1.075 1.082 1.078 1.069 1.057 1.044 1.026 1.006 1.002 0.985 0.963
Terrestrial Nearctic 1.000 0.995 0.988 0.979 0.967 0.958 0.961 0.963 0.965 0.970 0.976 0.981 0.986 0.985 0.985 0.981
lower 95% CI 1.000 0.985 0.974 0.961 0.945 0.935 0.937 0.938 0.940 0.944 0.949 0.954 0.958 0.956 0.954 0.949
upper 95% CI 1.000 1.003 1.000 0.995 0.987 0.980 0.984 0.986 0.990 0.995 1.002 1.008 1.013 1.014 1.015 1.013
QUALITY
Terrestrial Temperate Good Quality 1.000 0.993 0.985 0.975 0.962 0.952 0.954 0.954 0.954 0.955 0.957 0.957 0.956 0.953 0.949 0.946
lower 95% CI 1.000 0.984 0.971 0.957 0.940 0.929 0.930 0.929 0.928 0.929 0.931 0.930 0.929 0.925 0.920 0.917
upper 95% CI 1.000 1.002 0.998 0.991 0.982 0.976 0.977 0.978 0.978 0.980 0.983 0.983 0.982 0.980 0.977 0.974
Terrestrial Temperate Poor Quality 1.000 1.044 1.083 1.124 1.164 1.211 1.258 1.310 1.355 1.396 1.443 1.489 1.537 1.585 1.635 1.685
lower 95% CI 1.000 1.009 1.033 1.061 1.092 1.130 1.169 1.211 1.251 1.286 1.328 1.367 1.409 1.450 1.493 1.537
upper 95% CI 1.000 1.082 1.138 1.191 1.243 1.301 1.357 1.417 1.469 1.519 1.574 1.624 1.680 1.736 1.792 1.851
Terrestrial Tropical Good Quality 1.000 1.018 1.015 1.023 1.025 1.030 1.023 1.012 0.982 0.946 0.915 0.885 0.857 0.828 0.801 0.765
lower 95% CI 1.000 0.982 0.970 0.968 0.962 0.963 0.950 0.933 0.898 0.862 0.829 0.799 0.773 0.744 0.716 0.682
upper 95% CI 1.000 1.057 1.065 1.081 1.091 1.101 1.100 1.097 1.072 1.036 1.006 0.978 0.950 0.921 0.893 0.856
Terrestrial Tropical Poor Quality 1.000 1.017 1.021 1.024 1.035 1.054 1.072 1.077 1.080 1.083 1.086 1.085 1.086 1.102 1.090 1.074
lower 95% CI 1.000 0.990 0.982 0.977 0.982 0.996 1.010 1.011 1.012 1.014 1.014 1.011 1.010 1.023 1.006 0.987
upper 95% CI 1.000 1.045 1.062 1.073 1.092 1.116 1.139 1.148 1.153 1.159 1.165 1.164 1.168 1.190 1.181 1.169
Terrestrial All Good Quality 1.000 0.994 0.986 0.977 0.965 0.957 0.958 0.957 0.952 0.948 0.944 0.940 0.935 0.928 0.920 0.912
lower 95% CI 1.000 0.985 0.973 0.960 0.944 0.934 0.935 0.933 0.927 0.922 0.918 0.913 0.908 0.900 0.893 0.884
upper 95% CI 1.000 1.002 0.998 0.992 0.984 0.978 0.980 0.979 0.976 0.972 0.970 0.965 0.961 0.954 0.948 0.941
Terrestrial All Poor Quality 1.000 1.038 1.067 1.094 1.123 1.159 1.194 1.227 1.254 1.278 1.303 1.324 1.346 1.376 1.386 1.394
lower 95% CI 1.000 1.011 1.028 1.049 1.071 1.102 1.133 1.161 1.184 1.205 1.227 1.245 1.264 1.289 1.296 1.301
upper 95% CI 1.000 1.070 1.109 1.143 1.180 1.222 1.262 1.301 1.331 1.359 1.387 1.411 1.436 1.471 1.484 1.496
Terrestrial All Quality 1.000 0.999 0.994 0.989 0.981 0.978 0.983 0.987 0.987 0.986 0.987 0.986 0.984 0.981 0.976 0.971
lower 95% CI 1.000 0.989 0.982 0.973 0.962 0.957 0.961 0.964 0.963 0.962 0.962 0.960 0.958 0.955 0.949 0.943
upper 95% CI 1.000 1.007 1.006 1.004 1.000 0.999 1.004 1.009 1.010 1.010 1.012 1.011 1.010 1.008 1.003 0.999
HABITATS
Terrestrial Grassland Birds 1.000 1.000 0.998 0.995 0.993 0.992 0.990 0.988 0.987 0.986 0.986 0.987 0.987 0.988 0.990 0.991
lower 95% CI 1.000 0.989 0.981 0.976 0.971 0.967 0.963 0.959 0.956 0.954 0.952 0.952 0.951 0.952 0.952 0.953
upper 95% CI 1.000 1.013 1.015 1.017 1.018 1.020 1.020 1.020 1.021 1.022 1.023 1.025 1.026 1.028 1.031 1.033
Terrestrial Grassland Mammals 1.000 0.987 0.962 0.924 0.870 0.843 0.870 0.880 0.883 0.896 0.912 0.923 0.931 0.934 0.919 0.899
lower 95% CI 1.000 0.927 0.882 0.828 0.758 0.724 0.748 0.756 0.755 0.765 0.780 0.788 0.793 0.796 0.782 0.762
upper 95% CI 1.000 1.034 1.034 1.016 0.982 0.966 0.996 1.012 1.016 1.033 1.053 1.067 1.078 1.084 1.067 1.044
Terrestrial Temperate Forest 1.000 0.997 0.995 0.995 0.994 0.995 1.000 1.005 1.011 1.018 1.025 1.031 1.036 1.042 1.049 1.051
lower 95% CI 1.000 0.982 0.975 0.970 0.967 0.965 0.969 0.972 0.977 0.983 0.989 0.994 0.998 1.003 1.008 1.009
upper 95% CI 1.000 1.009 1.014 1.017 1.019 1.023 1.030 1.037 1.044 1.053 1.062 1.069 1.075 1.082 1.090 1.093
Terrestrial Tropical Forest 1.000 0.975 0.948 0.924 0.904 0.884 0.857 0.836 0.819 0.791 0.767 0.742 0.722 0.717 0.714 0.706
lower 95% CI 1.000 0.958 0.914 0.873 0.846 0.821 0.790 0.765 0.743 0.717 0.692 0.668 0.647 0.638 0.632 0.621
upper 95% CI 1.000 0.989 0.976 0.969 0.958 0.944 0.924 0.907 0.895 0.867 0.844 0.821 0.801 0.800 0.802 0.795







































Terrestrial African Mammals Equal wt
lower 95% CI
upper 95% CI











Terrestrial Temperate Good Quality
lower 95% CI
upper 95% CI
Terrestrial Temperate Poor Quality
lower 95% CI
upper 95% CI
Terrestrial Tropical Good Quality
lower 95% CI
upper 95% CI
Terrestrial Tropical Poor Quality
lower 95% CI
upper 95% CI
Terrestrial All Good Quality
lower 95% CI
upper 95% CI



















1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
0.943 0.936 0.929 0.920 0.908 0.893 0.877 0.871 0.857 0.840 0.827 0.816 0.811 0.801 0.797 0.801 0.806 0.806
0.910 0.903 0.895 0.885 0.872 0.857 0.838 0.824 0.810 0.793 0.779 0.767 0.761 0.749 0.741 0.744 0.747 0.745
0.978 0.971 0.965 0.956 0.945 0.931 0.918 0.921 0.909 0.892 0.879 0.870 0.866 0.857 0.852 0.856 0.861 0.862
1.163 1.164 1.159 1.131 1.096 1.077 1.058 1.036 1.022 1.007 0.981 0.942 0.911 0.843 0.804 0.809 0.815 0.816
1.095 1.093 1.085 1.053 1.011 0.992 0.972 0.950 0.934 0.919 0.889 0.850 0.818 0.747 0.710 0.714 0.717 0.716
1.236 1.242 1.241 1.218 1.191 1.171 1.152 1.130 1.119 1.105 1.083 1.046 1.016 0.948 0.910 0.917 0.925 0.929
0.872 0.839 0.803 0.805 0.807 0.781 0.750 0.770 0.751 0.727 0.707 0.684 0.691 0.708 0.687
0.741 0.690 0.648 0.648 0.646 0.623 0.585 0.571 0.555 0.535 0.516 0.496 0.497 0.508 0.482
1.016 1.000 0.974 0.978 0.988 0.961 0.945 1.050 1.027 0.995 0.973 0.943 0.957 0.985 0.974
1.008 0.995 0.967 0.968 0.942 0.916 0.883 0.892 0.871 0.854 0.829 0.799 0.790 0.770 0.744 0.747 0.751 0.754
0.926 0.901 0.862 0.861 0.833 0.807 0.770 0.759 0.739 0.721 0.698 0.671 0.660 0.640 0.614 0.614 0.617 0.618
1.096 1.095 1.075 1.079 1.059 1.032 1.003 1.056 1.034 1.017 0.992 0.956 0.947 0.931 0.903 0.907 0.915 0.922
1.116 1.128 1.149 1.172 1.195 1.206 1.205 1.200 1.193 1.186 1.189 1.190 1.188 1.186 1.191 1.193 1.192 1.192
1.055 1.065 1.084 1.104 1.123 1.130 1.128 1.121 1.113 1.105 1.107 1.106 1.103 1.099 1.101 1.100 1.096 1.093
1.183 1.196 1.221 1.247 1.275 1.289 1.290 1.285 1.279 1.273 1.278 1.281 1.280 1.280 1.289 1.296 1.299 1.304
0.730 0.705 0.679 0.653 0.626 0.584 0.543 0.505 0.465 0.428 0.415 0.415 0.400 0.380 0.408
0.605 0.582 0.557 0.532 0.508 0.471 0.436 0.402 0.367 0.336 0.320 0.301 0.277 -0.845 -1.008
0.872 0.846 0.821 0.795 0.764 0.717 0.671 0.631 0.586 0.543 0.531 0.545 0.531 0.517 0.558
1.049 1.050 1.049 1.052 1.056 1.064 1.070 1.072 1.070 1.067 1.039 1.011 0.981 0.949 0.918 0.925 0.931 0.929
0.959 0.956 0.954 0.954 0.956 0.961 0.964 0.964 0.962 0.959 0.932 0.904 0.875 0.845 0.816 0.821 0.824 0.822
1.148 1.151 1.153 1.160 1.165 1.176 1.183 1.188 1.187 1.187 1.158 1.129 1.100 1.067 1.034 1.043 1.050 1.048
0.668 0.659 0.645 0.633 0.622 0.620 0.620 0.622 0.622 0.624 0.657 0.680
0.567 0.556 0.543 0.532 0.520 0.515 0.512 0.510 0.507 0.504 0.528 0.543
0.785 0.778 0.765 0.753 0.742 0.743 0.748 0.755 0.761 0.770 0.813 0.842
0.869 0.861 0.853 0.845 0.837 0.826 0.812 0.797 0.779 0.763 0.762 0.764 0.757 0.748 0.762 0.772 0.783 0.792
0.813 0.804 0.795 0.786 0.777 0.765 0.750 0.734 0.716 0.699 0.696 0.695 0.687 0.673 0.680 0.687 0.694 0.698
0.929 0.922 0.915 0.907 0.900 0.890 0.878 0.864 0.847 0.831 0.833 0.838 0.834 0.827 0.839 0.850 0.859 0.866
0.929 0.915 0.904 0.895 0.884 0.874 0.866 0.862 0.857 0.846 0.829 0.825 0.826 0.827 0.831 0.828 0.827 0.815
0.889 0.875 0.863 0.852 0.841 0.831 0.821 0.816 0.809 0.797 0.779 0.774 0.773 0.775 0.778 0.773 0.767 0.753
0.970 0.957 0.947 0.938 0.928 0.919 0.913 0.911 0.910 0.898 0.883 0.880 0.882 0.884 0.889 0.889 0.891 0.880
0.863 0.837 0.812 0.791 0.767 0.749 0.730 0.718 0.709 0.688 0.657 0.645 0.641 0.637 0.637 0.629 0.624 0.604
0.794 0.769 0.744 0.723 0.699 0.681 0.662 0.648 0.636 0.614 0.583 0.571 0.565 0.562 0.561 0.549 0.541 0.518
0.936 0.911 0.886 0.866 0.842 0.825 0.809 0.797 0.792 0.771 0.739 0.728 0.727 0.724 0.724 0.719 0.720 0.703
1.000 1.000 1.006 1.012 1.017 1.021 1.027 1.035 1.036 1.039 1.046 1.055 1.065 1.075 1.085 1.091 1.097 1.100
0.969 0.968 0.974 0.979 0.984 0.986 0.992 0.998 0.999 1.002 1.007 1.016 1.024 1.033 1.042 1.047 1.052 1.054
1.031 1.031 1.038 1.044 1.051 1.055 1.063 1.071 1.073 1.078 1.084 1.096 1.106 1.118 1.129 1.136 1.142 1.146
0.837 0.814 0.787 0.763 0.726 0.690 0.654 0.619 0.586 0.558 0.539 0.526 0.518 0.513 0.510 0.505 0.503 0.500
0.775 0.751 0.724 0.698 0.661 0.626 0.592 0.560 0.528 0.499 0.480 0.465 0.456 0.450 0.447 0.442 0.439 0.435
0.907 0.887 0.861 0.839 0.799 0.762 0.724 0.688 0.655 0.626 0.610 0.599 0.594 0.589 0.586 0.582 0.580 0.577
0.826 0.804 0.779 0.756 0.720 0.686 0.652 0.619 0.588 0.562 0.544 0.531 0.524 0.518 0.515 0.512 0.509 0.506
0.762 0.738 0.713 0.689 0.655 0.623 0.590 0.558 0.529 0.502 0.483 0.469 0.459 0.453 0.450 0.446 0.443 0.440
0.894 0.875 0.850 0.829 0.792 0.756 0.719 0.684 0.653 0.627 0.611 0.602 0.598 0.592 0.589 0.587 0.584 0.582
0.874 0.852 0.826 0.803 0.772 0.743 0.713 0.683 0.657 0.633 0.612 0.597 0.585 0.580 0.577 0.572 0.570 0.566
0.811 0.787 0.759 0.735 0.705 0.676 0.646 0.618 0.591 0.566 0.545 0.527 0.512 0.506 0.504 0.499 0.496 0.493
0.945 0.924 0.900 0.880 0.849 0.819 0.788 0.757 0.731 0.708 0.691 0.678 0.669 0.664 0.662 0.657 0.658 0.654
0.981 0.981 0.989 0.996 1.003 1.011 1.018 1.025 1.026 1.030 1.036 1.043 1.048 1.055 1.061 1.066 1.073 1.082
0.947 0.948 0.955 0.961 0.967 0.974 0.980 0.988 0.988 0.990 0.996 1.002 1.006 1.012 1.018 1.021 1.029 1.036
1.014 1.015 1.024 1.032 1.040 1.048 1.055 1.064 1.065 1.070 1.078 1.085 1.091 1.098 1.106 1.111 1.120 1.130
0.942 0.940 0.943 0.947 0.953 0.959 0.963 0.968 0.967 0.970 0.974 0.979 0.983 0.989 0.994 0.997 1.000 1.004
0.913 0.910 0.912 0.915 0.920 0.926 0.930 0.933 0.932 0.934 0.938 0.942 0.946 0.951 0.955 0.958 0.961 0.964
0.971 0.969 0.973 0.978 0.984 0.991 0.996 1.002 1.002 1.005 1.011 1.016 1.021 1.028 1.033 1.037 1.040 1.044
1.733 1.775 1.812 1.845 1.853 1.801 1.808 1.819 1.811 1.808 1.819 1.888 1.956 2.035 2.138 2.241 2.325 2.308
1.580 1.615 1.650 1.676 1.670 1.596 1.594 1.601 1.587 1.579 1.586 1.627 1.662 1.709 1.788 1.865 1.898 1.848
1.906 1.952 1.996 2.033 2.055 2.023 2.039 2.060 2.054 2.057 2.073 2.184 2.291 2.421 2.550 2.705 2.862 2.894
0.735 0.706 0.677 0.652 0.629 0.611 0.590 0.582 0.582 0.562 0.528 0.505 0.490 0.495 0.499 0.503 0.505 0.505
0.652 0.625 0.597 0.573 0.551 0.534 0.512 0.501 0.498 0.479 0.447 0.426 0.413 0.418 0.420 0.423 0.425 0.409
0.827 0.797 0.766 0.740 0.716 0.698 0.678 0.674 0.677 0.657 0.621 0.596 0.577 0.584 0.589 0.594 0.597 0.596
1.054 1.034 1.014 0.996 0.969 0.941 0.915 0.884 0.851 0.821 0.798 0.807 0.815 0.805 0.802 0.783 0.772 0.734
0.964 0.940 0.919 0.899 0.871 0.843 0.814 0.782 0.748 0.717 0.693 0.697 0.698 0.688 0.685 0.660 0.640 0.596
1.153 1.136 1.120 1.106 1.082 1.054 1.030 0.999 0.967 0.938 0.921 0.940 0.954 0.943 0.941 0.933 0.932 0.899
0.905 0.899 0.897 0.896 0.898 0.900 0.900 0.901 0.901 0.899 0.897 0.897 0.898 0.904 0.909 0.912 0.915 0.918
0.876 0.870 0.867 0.866 0.867 0.869 0.868 0.868 0.867 0.865 0.862 0.862 0.863 0.868 0.872 0.875 0.878 0.880
0.934 0.928 0.927 0.927 0.929 0.931 0.932 0.935 0.935 0.935 0.933 0.933 0.935 0.941 0.946 0.950 0.953 0.957
1.401 1.405 1.407 1.409 1.395 1.355 1.342 1.329 1.305 1.285 1.275 1.310 1.342 1.367 1.405 1.427 1.449 1.413
1.304 1.306 1.306 1.306 1.288 1.241 1.225 1.208 1.184 1.163 1.150 1.174 1.196 1.209 1.239 1.249 1.255 1.212
1.507 1.512 1.519 1.524 1.514 1.483 1.472 1.462 1.440 1.422 1.415 1.463 1.512 1.545 1.594 1.632 1.674 1.655
0.966 0.961 0.961 0.961 0.961 0.959 0.960 0.963 0.962 0.960 0.958 0.963 0.970 0.978 0.985 0.990 0.993 0.994
0.937 0.932 0.931 0.931 0.930 0.927 0.928 0.930 0.928 0.926 0.923 0.927 0.933 0.940 0.946 0.949 0.952 0.952
0.994 0.990 0.990 0.991 0.991 0.991 0.993 0.997 0.997 0.996 0.994 1.000 1.008 1.018 1.026 1.030 1.036 1.036
0.993 0.994 0.995 0.996 1.001 1.005 1.006 1.005 1.001 0.997 0.994 1.005 1.012 1.014 1.016 1.009 1.001 0.992
0.953 0.954 0.954 0.955 0.959 0.961 0.960 0.958 0.953 0.946 0.941 0.945 0.946 0.945 0.946 0.937 0.928 0.917
1.035 1.037 1.039 1.041 1.047 1.053 1.055 1.055 1.053 1.050 1.049 1.071 1.087 1.092 1.095 1.088 1.082 1.076
0.873 0.852 0.835 0.817 0.786 0.746 0.714 0.685 0.651 0.617 0.594 0.573 0.555 0.560 0.569 0.573 0.564 0.547
0.738 0.719 0.704 0.689 0.659 0.621 0.593 0.569 0.540 0.510 0.490 0.472 0.457 0.460 0.465 0.467 0.458 0.442
1.019 0.994 0.979 0.961 0.925 0.884 0.849 0.814 0.776 0.738 0.714 0.690 0.669 0.677 0.691 0.700 0.689 0.672
1.058 1.065 1.079 1.090 1.100 1.105 1.109 1.116 1.122 1.132 1.141 1.151 1.163 1.175 1.187 1.199 1.215 1.230
1.016 1.022 1.033 1.042 1.051 1.055 1.058 1.064 1.068 1.076 1.085 1.093 1.103 1.115 1.126 1.136 1.149 1.162
1.101 1.109 1.126 1.138 1.149 1.155 1.161 1.170 1.177 1.189 1.200 1.213 1.226 1.240 1.254 1.268 1.287 1.303
0.706 0.698 0.687 0.676 0.660 0.648 0.637 0.635 0.632 0.617 0.600 0.585 0.582 0.582 0.590 0.606 0.636 0.647
0.617 0.606 0.594 0.583 0.568 0.554 0.543 0.537 0.532 0.517 0.501 0.487 0.484 0.483 0.485 0.496 0.512 0.521
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:+$7,6/,1*8,67,&',9(56,7<"/LQJXLVWLFGLYHUVLW\LVRIWHQYLHZHGIURPWKUHHUHODWHGEXWQRWQHFHVVDULO\FRUUHODWHGSHUVSHFWLYHVWKLVLVWKHDSSURDFKWDNHQIRULQVWDQFHE\'DQLHO1HWWOH7KHÀUVWLVZKDWKHFDOOVODQJXDJHGLYHUVLW\DQGZHZLOOFDOOODQJXDJHULFKQHVV´WKHQXPEHURIGLIIHUHQWODQJXDJHVLQDJLYHQJHRJUDSKLFDODUHDµ1HWWOH7KHWHUP´ODQJXDJHULFKQHVVµHQFDSVXODWHVWZRSRLQWVÀUVWWKDWVSHHFKIRUPVFDQEHDQGURXWLQHO\DUHFODVVLÀHGDVGLVFUHWHODQJXDJHVGHVSLWHWKHZHOONQRZQGLIÀFXOWLHVRIGLVWLQJXLVKLQJODQJXDJHVIURPGLDOHFWVDQGVHFRQGWKDWWKHVHGLVFUHWHODQJXDJHVDUHFRXQWDEOH$QRWKHUSHUVSHFWLYHRQOLQJXLVWLFGLYHUVLW\LVWKDWRISK\ORJHQHWLFGLYHUVLW\RUYDULDWLRQDERYHWKHOHYHORIODQJXDJHVVXFKDV´WKHQXPEHURIGLIIHUHQWOLQHDJHVRIODQJXDJHVIRXQG LQ DQ DUHDµ 1HWWOH QRWHV WKDW SK\ORJHQHWLF JURXSLQJV FDQ EH LGHQWLÀHG RQ PDQ\OHYHOV³ODQJXDJHIDPLOLHVIRUH[DPSOH1HWWOH$QDUHDZKHUHPDQ\FORVHO\UHODWHGODQJXDJHVDUHVSRNHQWKHUHIRUHKDVJUHDWHUODQJXDJHULFKQHVVEXWOHVVSK\ORJHQHWLFGLYHUVLW\WKDQRQHZLWKIHZHUODQJXDJHVEHORQJLQJWRVHYHUDOGLIIHUHQWIDPLOLHV7KHWKLUGSHUVSHFWLYHRIWHQXVHGLVVWUXFWXUDOGLYHUVLW\ZKLFKLV WKHYDULDWLRQIRXQGDPRQJVWUXFWXUHV ZLWKLQ ODQJXDJHV VXFK DV PRUSKRORJ\ ZRUG RUGHU SKRQRORJ\ DQG VR RQ 1HWWOH²)RU WKHSXUSRVHVRIGHYHORSLQJDTXDQWLWDWLYHPHDVXUH VXFKDV WKH ,/'ZHGHSDUWVOLJKWO\IURPWKHGHÀQLWLRQVRI OLQJXLVWLFGLYHUVLW\RXWOLQHGDERYHDQGERUURZVRPHUHODWHGFRQFHSWV IURPWKHÀHOGRIHFRORJ\/DQJXDJHULFKQHVVFDQEH WKRXJKWRIDVEHLQJDQDORJRXV WRVSHFLHV ULFKQHVV WKHQXPEHURIVSHFLHV IRXQG LQDJLYHQDUHD ,QDGGLWLRQWR ULFKQHVV D VHFRQGFRPSRQHQW LQ VSHFLHVGLYHUVLW\ LV HYHQQHVV RU WKHGLVWULEXWLRQRILQGLYLGXDO RUJDQLVPV DPRQJ VSHFLHV ,Q WKH FDVHRI OLQJXLVWLF GLYHUVLW\ HYHQQHVV LV WKHGLVWULEXWLRQRILQGLYLGXDOVSHDNHUVDPRQJODQJXDJHV)RUH[DPSOHWZRUHJLRQVLQERWKRIZKLFKWHQODQJXDJHVDUHVSRNHQHDFKKDYHWKHVDPHULFKQHVVEXWWKHUHJLRQLQZKLFKHDFKODQJXDJHLVVSRNHQE\RIWKHSRSXODWLRQKDVJUHDWHUHYHQQHVVDQGWKHUHIRUHKLJKHUOLQJXLVWLFGLYHUVLW\WKDQRQHLQZKLFKRIWKHSRSXODWLRQVSHDNVRQHODQJXDJHDQGRQO\RIWKHSRSXODWLRQVSHDNVHDFKRIWKHRWKHUQLQH:HWKLQNWKDWWKLVFRQFHSWLVFULWLFDOLQPHDVXULQJFKDQJHVLQOLQJXLVWLFGLYHUVLW\RYHUFRPSDUDWLYHO\VKRUWWLPHVFDOHV5HODWLYHO\IHZRIWKHZRUOG·VODQJXDJHVKDYHEHFRPHH[WLQFWDVPRWKHUWRQJXHVLQWKHODVWIHZGHFDGHVVRODQJXDJHULFKQHVVLQPRVWDUHDVRIWKHZRUOGKDVGHFOLQHGRQO\VOLJKWO\$QG\HWZHZRXOGDUJXHGLYHUVLW\KDVGHFOLQHGPXFKPRUHWKDQWKLVEHFDXVHWKHGLVWULEXWLRQRIPRWKHUWRQJXHVSHDNHUVDPRQJH[WDQWODQJXDJHVKDVEHFRPHPRUHXQHYHQPRUHVSHDNHUVDUHEHFRPLQJFRQFHQWUDWHGLQIHZHUODQJXDJHV:KLOHSK\ORJHQHWLFDQGVWUXFWXUDOGLYHUVLW\DUHLPSRUWDQWWKHVHFRQFHSWVDUHQRWFXUUHQWO\LQFRUSRUDWHGLQWRWKHLQGH[,QVXPPDU\IRUWKHSXUSRVHVRIWKH,/'ZHGHÀQHOLQJXLVWLFGLYHUVLW\DVWKHQXPEHURIODQJXDJHVDQGWKHHYHQQHVVRIGLVWULEXWLRQRIPRWKHUWRQJXHVSHDNHUVDPRQJODQJXDJHVLQDJLYHQDUHD
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UDWHRIH[WLQFWLRQ³´;QXPEHURIODQJXDJHVDUHG\LQJHYHU\\HDUµ³DUHZLGHO\TXRWHGEXWDOPRVWQHYHUUHIHUHQFHGWRDULJRURXVHVWLPDWH6HFRQGHYHQLIEHWWHUHVWLPDWHVZHUHDYDLODEOHPHUHO\WUDFNLQJZKHQSDUWLFXODUODQJXDJHVJR H[WLQFW GRHVQRW DFFRXQW IRU WKH ORVVRI OLQJXLVWLF GLYHUVLW\RFFXUULQJGXULQJWKHFRXUVHRISUHH[WLQFWLRQODQJXDJHVKLIW$JUHDWGHDORIOLQJXLVWLFGLYHUVLW\LVORVWZHOOEHIRUHDGHFOLQLQJODQJXDJHÀQDOO\JRHVH[WLQFWDVVSHDNHUVVKLIWWRRWKHUXVXDOO\ODUJHUODQJXDJHVLQWHUJHQHUDWLRQDOWUDQVPLVVLRQGHFOLQHVDQGXVDJHEHFRPHVUHVWULFWHGWRIHZHUVSHDNHUV GRPDLQV DQG IXQFWLRQV 4XDQWLI\LQJ FKDQJLQJ GLVWULEXWLRQV RI PRWKHUWRQJXHVSHDNHUVSULRUWRH[WLQFWLRQLVWKHUHIRUHLPSRUWDQW0RUHRYHU IRFXVLQJRQ ODQJXDJHH[WLQFWLRQUDWHVSODFHVXQGXHHPSKDVLVRQZKDW LVSHUFHLYHGWREHWKHWHUPLQDOVWDWHRIOLQJXLVWLFGLYHUVLW\GHFOLQH,I´ODQJXDJHH[WLQFWLRQµLVWRKDYHDQ\XVHIXOPHDQLQJLWPXVWEHVSHFLÀHGWKDWWKHWHUPDFWXDOO\UHIHUVWRWKHFRQGLWLRQRIDODQJXDJHQRORQJHUEHLQJVSRNHQDVDPRWKHUWRQJXH:KLOHWKHUHDUHVHYHUDOSRVVLEOHGHÀQLWLRQVRI´PRWKHUWRQJXHµZKDWZHPHDQE\WKHWHUPLVWKDWODQJXDJHZKLFKDQLQGLYLGXDOZRXOGVSHDNÀUVW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)LJXUH1HYHUWKHOHVVWKLVUHÁHFWVDVHYHUHDQGUDSLGORVVRIOLQJXLVWLFGLYHUVLW\LQ$XVWUDOLDVLQFHWKHV7KHUH DUH DVSHFWV RI WKHVH UHVXOWV ZKLFK PD\ FKDQJH ZLWK IXUWKHU DQDO\VLV$IULFD$VLD DQG (XURSH VKRZ LQFUHDVHV LQ GLYHUVLW\ LQ WKH V DQG V7KHVH LQFUHDVHVDUHSRVVLEO\DQDUWLIDFWRIVRPH(WKQRORJXHGDWDZKLFKGRQRWUHÁHFWJHQXLQHFKDQJHVLQGLYHUVLW\6RPHRIWKHVHGDWDDQRPDOLHVPD\EHGLVFRYHUHGZLWKDGGLWLRQDOVFUXWLQ\RIWKHGDWDVHW





'DWD4XDOLW\,VWKH,/'9DOLG"(WKQRORJXHLVZLGHO\UHFRJQL]HGDVWKHPRVWDXWKRULWDWLYHVRXUFHRILQIRUPDWLRQRQWKHQXPEHURIVSHDNHUVRIWKHZRUOG·VODQJXDJHV,QDWWKHGDZQRIFRQFHUQRYHUODQJXDJHHQGDQJHUPHQWOLQJXLVW0LFKDHO.UDXVVFDOOHGLW´ E\WKHIDUWKHEHVWVLQJOHVRXUFHDYDLODEOHµRQWKHQXPEHURIODQJXDJHVDQGWKHLUVSHDNHUVJOREDOO\.UDXVVQ7KDWDVVHVVPHQWKDVQRWFKDQJHG LQ WKHHGLWRURI WKH(QF\FORSHGLDRIWKH:RUOG·V(QGDQJHUHG/DQJXDJHVUHIHUUHGWRLWDVWKH´PRVWFRPSUHKHQVLYHFRPSHQGLXPRIWKHZRUOG·VODQJXDJHVWKDWKDV\HWEHHQSURGXFHGµ0RVHOH\E[1RQHWKHOHVVWKHVHH[SHUWV³DQG(WKQRORJXH·VFRPSLOHUVWKHPVHOYHV³DOVRDFNQRZOHGJHWKDWWKHTXDOLW\RILWVGDWDLVXQHYHQ(WKQRORJXHGUDZVLWVVSHDNHUGDWDIURPDZLGHYDULHW\RIVRXUFHV´HYHU\WKLQJIURPSRSXODUUHIHUHQFHERRNVWRPLVVLRQDU\ÀHOGUHSRUWVWRVSHFLDOLVWPRQRJUDSKVE\SURIHVVLRQDO OLQJXLVWVµ+DUPRQ(YHQGDWD WDNHQIURPJRYHUQPHQWFHQVXVHVZKLFKPLJKWEHWDNHQDVUHOLDEOHRQWKHLUIDFHDUHLQIDFWRIWHQLQDFFXUDWHZKHQLWFRPHVWRUHSRUWLQJODQJXDJHVWDWLVWLFVVHHIRUH[DPSOH9RHJHOLQDQG9RHJHOLQ*DU]D&XDUyQDQG/DVWUDDQGHVS6NXWQDEE.DQJDV²DQGWKHFLWHVWKHUHXQGHU7KHSUREOHPLVXQGHUOLQHGE\WKHFXUUHQW(WKQRORJXHHGLWRU03DXO/HZLVZKRZULWHVWKDWFDOFXODWLQJWKHQXPEHURIVSHDNHUV´LVSUREDEO\WKHPRVWGLIÀFXOWFRPSRQHQWRI WKHODQJXDJHLQIRUPDWLRQIRUXV WRVWD\RQWRSRIµ/HZLVSHUVFRPP0D\*LYHQWKHVHGLIÀFXOWLHVLWLVUHDVRQDEOHWRDVNZKHWKHUWKHXQGHUO\LQJGDWDDUHVRLQDFFXUDWHDVWRPDNHWKH,/'RUDQ\WLPHVHULHVOLQJXLVWLFGLYHUVLW\LQGH[LQYDOLG:HWKLQNWKDWWKHDQVZHULVQRIRUVHYHUDOUHDVRQV7KHUHLVQRUHDVRQWRWKLQNWKDWWKHUHLVDV\VWHPDWLFELDVWRZDUGVHLWKHURYHUFRXQWLQJRU XQGHUFRXQWLQJ WKH QXPEHU RI PRWKHUWRQJXH VSHDNHUV ZLWKLQ WKH (WKQRORJXH GDWDVHWXSRQZKLFKWKH,/'LVEDVHG7KHUHDUHPDQ\UHDVRQVZK\DSDUWLFXODUGDWDSRLQWPD\EHDQRYHUFRXQWHJWKHHQXPHUDWRUVLPSO\UHSRUWHGZLWKRXWLQYHVWLJDWLRQWKHHQWLUHHWKQLFJURXS DV PRWKHUWRQJXH VSHDNHUV RU DQ XQGHUFRXQW HJ WKH HQXPHUDWRU ZDV XQDZDUHRI WKH H[LVWHQFHRI DGGLWLRQDOPRWKHUWRQJXH VSHDNHUV HOVHZKHUH:HDUHQRW DZDUHRIDQ\HYLGHQFHWKDWVKRZVRQHRIWKHVHW\SHVRIHUURUEHLQJPRUHSUHYDOHQWWKDQWKHRWKHUZLWKLQ(WKQRORJXHRUDQ\RWKHUGDWDVRXUFHWKDWZHKDYHFRQVXOWHGWRGDWH,QGHHGRQHPLJKWLQVWHDGDUJXHWKDWSUHFLVHO\EHFDXVHWKHUHKDVEHHQQRV\VWHPDWLFPHDQVIRUFRXQWLQJPRWKHUWRQJXHVSHDNHUVWKHUHLVQRUHDVRQWRWKLQNWKDWWKHUHVXOWVDUHV\VWHPDWLFDOO\ELDVHGRQHZD\RUWKHRWKHU,ILWFRXOGEHVKRZQWKDWHQXPHUDWRUHUURUVFRQVLVWHQWO\WHQGHGRUDUHOLNHO\WRWHQGWRZDUGHLWKHURYHUFRXQWLQJRUXQGHUFRXQWLQJWKHQWKH,/'WUHQGOLQHZRXOGLQGHHGEHLQYDOLGDEVHQWVWDWLVWLFDODGMXVWPHQWWRFRUUHFWIRUWKHELDV,IWKHUHLVQRV\VWHPDWLFELDVRQHZD\RUWKHRWKHUWKHQ³JLYHQDODUJHHQRXJKVDPSOHVL]HZKLFKZHEHOLHYHRXUVLV³LWLVUHDVRQDEOHWRDVVXPHWKDWLQVWDQFHVRIRYHUFRXQWLQJDQGXQGHUFRXQWLQJZRXOGRQDYHUDJHFDQFHOHDFKRWKHURXW
 )RU IXUWKHU GLVFXVVLRQ RI (WKQRORJXH GDWD TXDOLW\ DQG LWV UDPLÀFDWLRQV IRU WUHQG DQDO\VHV VHH+DUPRQ
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7KLVFDYHDWDERXWVDPSOHVL]HLVLPSRUWDQW7KH,/'PHWKRGRORJ\LVGHVLJQHGWRPHDVXUHDYHUDJHWUHQGVLQODUJHJURXSVRIODQJXDJHV7KLVPHDQVWKDWLQDFFXUDFLHVLQWKHWLPHVHULHVIRUDQ\RQHODQJXDJHFDQQRWXQGXO\DIIHFWWKHRYHUDOOWUHQGOLQHIRUWKHUHDVRQVMXVWJLYHQ7KHUHLVQRLQKHUHQWUHDVRQZK\WKH,/'PHWKRGRORJ\FRXOGQRWEHDSSOLHGWRVPDOOJURXSVRIODQJXDJHVEXWWKHUHVXOWVZRXOGEHYDOLGRQO\LILWFRXOGDVVXUHGWKDWWKHGDWDZHUHJDWKHUHGLQDFRQVLVWHQWZD\7KH ,/'*OREDO WUHQGOLQHDOLJQVZLWK WKH ODUJHDQGFRQYLQFLQJERG\RITXDOLWDWLYHHYLGHQFHSRLQWLQJ WRDGHFOLQH LQ OLQJXLVWLFGLYHUVLW\$GHFOLQHRIRYHU WKHSHULRG²LVDQHQWLUHO\SODXVLEOHRXWFRPHLQYLHZRIWKLVHYLGHQFH+DGWKH,/'VKRZQVD\DQLQFUHDVHRYHUWKHSHULRGRUDSUHFLSLWRXVJOREDOGHFOLQHWKHQWKDWZRXOGEHSULPDIDFLHHYLGHQFHFDOOLQJLQWRTXHVWLRQWKHDFFXUDF\RIWKHXQGHUO\LQJGDWD7KH,/'LVSUHPLVHGRQWKHUHEHLQJDRQHWRRQHHTXLYDOHQFHEHWZHHQWKHFXPXODWLYHQXPEHURIPRWKHUWRQJXHVSHDNHUVRIWKHZRUOG·VODQJXDJHVDQGWKHJOREDOSRSXODWLRQLQRWKHUZRUGVRQWKHDVVXPSWLRQWKDWHDFKSHUVRQFDQKDYHRQO\RQHPRWKHUWRQJXH7KLVSUHPLVHGHSHQGVIRULWVYDOLGLW\RQDSUHFLVHO\VSHFLÀHGGHÀQLWLRQRI´PRWKHUWRQJXHµDVGLVFXVVHGHDUOLHURXUGHÀQLWLRQLV´WKDWODQJXDJHDQLQGLYLGXDOZRXOGVSHDNPRVWRIWHQLIJLYHQIUHHUHLQWRFKRRVHµ8QGHUWKLVGHÀQLWLRQHYHQPXOWLOLQJXDOSHRSOHFDQKDYHRQO\RQHPRWKHUWRQJXH:LWKWKLVLQPLQGOHWXVLPDJLQHZKDWDSHUIHFWJOREDOFHQVXVRIWKHQXPEHURIPRWKHUWRQJXHVSHDNHUVZRXOGORRNOLNH
 7KHFHQVXVZRXOGEHD WUXH WHPSRUDO VQDSVKRW WDNLQJSODFHZRUOGZLGHRYHUDYHU\VKRUWWLPHVD\DVLQJOHGD\ ,WZRXOGTXHU\HYHU\VLQJOHSHUVRQLQWKHZRUOG (DFKFHQVXVWDNHUZRXOGKDYHH[DFWO\WKHVDPHXQGHUVWDQGLQJRIRXUGHÀQLWLRQRI´PRWKHUWRQJXHµDQGZRXOGKDYHWKHDELOLW\WRH[SODLQLWZLWKVXFKÀGHOLW\WKDWHYHU\UHVSRQGHQWZRXOGKDYHDLGHQWLFDOXQGHUVWDQGLQJRIRXUPHDQLQJRIWKHWHUP (YHU\PXOWLOLQJXDO UHVSRQGHQWZRXOGEHDEOH DQGZLOOLQJ WRSULRULWL]HDPRQJKLVKHUODQJXDJHVDVWRZKLFKRQHLVKLVKHUVLQJOHPRWKHUWRQJXHDFFRUGLQJWRRXU´ÀUVWSUHIHUHQFHµGHÀQLWLRQ (YHU\UHVSRQGHQWZRXOGIHHOIUHHWRDQVZHUWUXWKIXOO\ZLWKRXWIHDURISROLWLFDOVRFLDOHFRQRPLFRURWKHUUHSHUFXVVLRQVDQGZRXOGLQGHHGDQVZHUWUXWKIXOO\ 7KH FHQVXV ZRXOG EH UHSOLFDWHG DW UHJXODU LQWHUYDOV WR SURGXFH DFFXUDWH WLPHVHULHVGDWD





 0DQ\SHRSOHDUHVNHSWLFDORIWKHYDOLGLW\DQGXVHIXOQHVVRIJOREDOLQGLFHVRIWHQEHFDXVHWKH\GRQ·WXQGHUVWDQGWKHLUSXUSRVH7KHWHFKQLFDOEDVLV³DQGLQKHUHQWOLPLWDWLRQV³RIVXFKLQGLFHVQRWRQO\PXVWEHFDUHIXOO\H[SODLQHGEXWSRWHQWLDOSROLWLFDOPLVXVHVPXVWEHDFNQRZOHGJHGDQGZDUQHGDJDLQVW .H\FRQFHSWVWKDWXQGHUOLHWKH,/'VXFKDV´ODQJXDJHH[WLQFWLRQµDQG´PRWKHUWRQJXHVSHDNHUµDUHQXDQFHGDQGPXVWEHFDUHIXOO\TXDOLÀHG 4XDQWLWDWLYHLQGLFDWRUVDUHDFRPSOHPHQWWRQRWDVXEVWLWXWHIRULQGHSWKTXDOLWDWLYHNQRZOHGJHRIOLQJXLVWLFDQGFXOWXUDOGLYHUVLW\ 9LUWXDOO\DOO LQGLJHQRXVSHRSOHVZKRFDUHDERXW WKHFRQWLQXDWLRQRI WKHLU WUDGLWLRQDOFXOWXUHEHOLHYHWKDWPDLQWDLQLQJWKHLUQDWLYHODQJXDJHLV WKH OLQFKSLQFI81'(6$²
:KLOHZHH[SHFWWKH,/'WRSURYHDXVHIXOWRROWRFRPPXQLWLHVDQDO\VWVDQGDFDGHPLFV SROLF\PDNHUV DQG WKH JHQHUDO SXEOLF DQ\ LQGH[ LV RQO\ DV JRRG DV WKH XQGHUO\LQJGDWDDYDLODEOHDWWKHWLPH(WKQRORJXHLVWKHEHVWVLQJOHVRXUFHIRUGDWDRQWKHQXPEHUVRIVSHDNHUVRIODQJXDJHVDURXQGWKHZRUOGDQGLQIRUPDWLRQIURPLWVYDULRXVHGLWLRQVLVDQLQGLVSHQVDEOHSDUWRIDQ\DQDO\VLVRIUHFHQWWUHQGVLQODQJXDJHGHPRJUDSKLFV1RQHWKHOHVVDVZHGLVFXVVHGDERYH(WKQRORJXHGDWDFRPHIURPDYDULHW\RISULPDU\DQGVHFRQGDU\VRXUFHVDQGDUHLQHYLWDEO\XQHYHQ:HEHOLHYHWKDW(WKQRORJXHWLPHVHULHVGDWDDUHYDOLGEXWZLWKRXWTXHVWLRQODQJXDJHGHPRJUDSKLFGDWDLQJHQHUDOFDQEHLPSURYHG,WVKRXOGEHERUQHLQPLQGZKHQXVLQJWKHLQLWLDOYHUVLRQRIWKH,/'WKDWEHWWHUGDWDZLOOLQWKHIXWXUHSURGXFHHYHQPRUHDFFXUDWHWUHQGOLQHV,WLVDOVRLPSRUWDQWWRDFNQRZOHGJHWKDWJOREDOLQGLFHVVXFKDVWKH,/'VKRXOGEHXVHGWRSURYLGHEURDGFRQWH[WXDOEDFNJURXQGIRUSROLF\IUDPHZRUNVUDWKHUWKDQDVJXLGDQFHIRURQWKHJURXQGSROLF\GHFLVLRQV1RODUJHVFDOHODQJXDJHLQGH[FDQKRSHWRIXOO\UHSUHVHQWWKHFRPSOH[LWLHV WKDWPXVWEHDFFRXQWHGIRU LQDQ\SROLF\DIIHFWLQJLQGLYLGXDO ODQJXDJHFRPPXQLWLHV1RUFDQDJOREDORUUHJLRQDOLQGH[GRPRUHWKDQRXWOLQHWKHVWDWHRIOLQJXLVWLFGLYHUVLW\DWWKHVHOHYHOVPXFKPRUHÀQHJUDLQHGDQDO\VHVDUHUHTXLUHGWRJHWDFRPSOHWHSLFWXUH$VVXJJHVWHGDERYHTXDQWLWDWLYHDQDO\VHVVXFKDVWKH,/'PXVWEHVXSSOHPHQWHGE\NQRZOHGJHGHULYHGWKURXJKRWKHUPHWKRGV7KLVLVHVSHFLDOO\UHOHYDQWZLWKUHVSHFWWRODQJXDJHVEHFDXVHPRVWOLQJXLVWLFGLYHUVLW\LVWLHGWRWUDGLWLRQDONQRZOHGJHV\VWHPVRILQGLJHQRXVSHRSOH7KHVHV\VWHPVSULPDULO\UHO\RQQRQTXDQWLWDWLYHREVHUYDWLRQDOVFLHQFHDQGQDUUDWLYHRIWHQWUDQVPLWWHGRUDOO\UDWKHUWKDQLQZULWLQJ7KHUHIRUHDQ\JOREDOQXPHULFDOLQGH[LQFOXGLQJWKH,/'UXQVWKHULVNRIEHLQJLUUHOHYDQWRUZRUVHDQWLWKHWLFDOWRWKHQHHGVRI LQGLJHQRXVFRPPXQLWLHV LI LW LVQRWSURSHUO\TXDOLÀHGDVQRWHGDERYH³DQG LQ
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DGGLWLRQVXSSOHPHQWHGE\RWKHULQIRUPDWLRQWKDWLVJHQHUDWHGE\WKHFRPPXQLWLHVWKHPVHOYHV,QVKRUW WKH ,/'DQGVLPLODUJOREDO LQGLFHV WKDWGHDOZLWKSRWHQWLDOO\FRQWURYHUVLDOSKHQRPHQDVXFKDVODQJXDJHSROLF\PXVWFDUHIXOO\EHSODFHGLQFRQWH[WZKHQHYHUWKH\DUHXVHGDVDQHGXFDWLRQDORUSROLF\RULHQWDWLRQWRRODQGVKRXOGQHYHUEHXVHGDVDVROHVRXUFHRILQIRUPDWLRQ




25,*,167KH,/'GDWDEDVHKDVLWVRULJLQVLQZRUNGRQHLQWKHPLGVLQZKLFKDVKDGRZGDWDEDVHRIWKHWKHGLWLRQRI(WKQRORJXH%)*ULPHVDZDVFUHDWHGDQGDQDO\]HGIRUGHPRJUDSKLFWUHQGV7KHZRUNLQYROYHGHQWHULQJLQWRD)LOH0DNHU3URGDWDEDVHDYDULHW\RIGHPRJUDSKLFLQIRUPDWLRQUHOHYDQWWRVSHDNHUWUHQGVDQGODQJXDJHYLDELOLW\RQDOOODQJXDJHVUHSRUWHGLQWKHWKHGLWLRQ(DFKUHFRUGUHSUHVHQWHGDGLVFUHWHODQJXDJHGLVWLQJXLVKHGE\DXQLTXHWKUHHOHWWHUFRGHDVVLJQHGE\(WKQRORJXH7KHLQIRUPDWLRQZDVXVHG WRSURGXFHDEDVLFDQDO\VLVRI WKHGHPRJUDSKLFVWUXFWXUHRI WKHZRUOG·V ODQJXDJHV+DUPRQ7KH,/'GDWDEDVHH[SDQGVRQWKH+DUPRQGDWDEDVHDQGLVRUJDQL]HGRQWKHVDPHSULQFLSOH,WWRRLVNH\HGWRGLVFUHWHODQJXDJHVDVUHSRUWHGLQ(WKQRORJXHLQWKLVFDVHWKHWK*RUGRQ,WZDVLQWKLVHGLWLRQWKDWWKHXQLTXHWKUHHOHWWHUODQJXDJHLGHQWLÀHUFRGHVDVVLJQHGE\WKH,QWHUQDWLRQDO6WDQGDUGV2UJDQLVDWLRQ,62ÀUVWFDPHLQWRXVH




%8,/',1*7+('$7$%$6(7KH,/'GDWDEDVHZDVEXLOWLQDVHULHVRIVWHSV 6HOHFWUDQGRPVDPSOH (QWHUEDVHGHPRJUDSKLFLQIRUPDWLRQIURPWKHWKHGLWLRQRI(WKQRORJXH (QWHUPRWKHUWRQJXHVSHDNHUQXPEHUVIURPHDUOLHUHGLWLRQVRI(WKQRORJXH $QDO\]HVDPSOHIRUUHSUHVHQWDWLYHQHVV (OLPLQDWHGXSOLFDWHGDWDSRLQWV $VVHVVDQGDGMXVWIRUSRVVLEOHGDWDWUHQGDQRPDOLHV 5HPRYHGLVFUHSDQWGDWDSRLQWVDQG 'HDOZLWKDSSDUHQWH[WLQFWLRQVZLWKLQWLPHVHULHV
6(/(&7,212)5$1'206$03/(7KH,/'LVEDVHGRQDUDQGRPVDPSOHRIRIWKHZRUOG·VODQJXDJHV7KLVVDPSOHVL]HZDVFKRVHQEHFDXVHZHGHWHUPLQHGLWWREHWKHODUJHVWZHFRXOGUHDVRQDEO\GHDOZLWKRYHUWKHSHULRGRISURMHFWIXQGLQJ$VDPSOHVL]HRILVIDUKLJKHUWKDQLVQHHGHGWRFRQVWLWXWHDVWDWLVWLFDOO\UHSUHVHQWDWLYHJOREDOVDPSOHEXWLVDOVRDOORZVVWDWLVWLFDOO\YDOLGDQDO\VLVRIVXEJOREDOVDPSOHVDQGSURYLGHVDFXVKLRQDJDLQVWVDPSOHDWWULWLRQPRUHRQWKLVEHORZ7RFUHDWHWKHVDPSOHZHXVHGWKHVWDWLVWLFVSURJUDP´5µWRJHQHUDWHUDQGRPQXPEHUVEHWZHHQDQG$QDOSKDEHWLFDOOLVWRIWKH,62FRGHV³>DDD@*KXWXRWKURXJK >]\S@ =\SKH³ZDV LPSRUWHG IURP )LOH0DNHU 3UR LQWR DQ ([FHO VSUHDGVKHHWQXPEHUHGFRQVHFXWLYHO\ DQG WKHQ WKH UDQGRPQXPEHUVPDWFKHG WR WKH ,62FRGHV7KHUHVXOWZDVDUDQGRPVDPSOHRIODQJXDJHV






)LHOG ODEHO DV VKRZQ RQ%DVH'DWD(QWU\)RUP 7\SHRIÀHOG ([SODQDWLRQ
,62',6 WH[W 7KH XQLTXH WKUHHOHWWHU ,62 FRGH WKDW LGHQWLÀHVHDFKGLVFUHWHODQJXDJH
0DLQODQJXDJHQDPHDVJLYHQLQ(>WKQRORJXH@ WH[W 7KH SULPDU\ QDPH IRU WKH ODQJXDJH DV JLYHQ LQ(WKQRORJXH)RU ODQJXDJHVVSRNHQ LQPRUH WKDQRQHFRXQWU\(WKQRORJXHJHQHUDOO\SURYLGHVVHSDUDWHHQWULHVIRUHDFKFRXQWU\ZLWKFURVVUHIHUHQFHVEDFNWRDPDLQHQWU\ZKLFKLVXVXDOO\XQGHUWKHFRXQWU\ ZKHUH WKH ODQJXDJH RULJLQDWHG ,Q VXFKLQVWDQFHVZHWRRNWKHSULPDU\ODQJXDJHQDPHDVJLYHQLQWKHPDLQHQWU\DQGDOVRWRRNDOOWKHGHPRJUDSKLFLQIRUPDWLRQIURPWKHPDLQHQWU\
2OG(>WKQRORJXH@FRGH WH[W 7KHXQLTXHWKUHHOHWWHUFRGHDVVLJQHGLQSUHYLRXVHGLWLRQV RI (WKQRORJXH7KHVH KDYH EHHQ VXSHUVHGHGE\WKH,62FRGHV
XQODEHOHGFKHFNÀHOGXSSHUULJKWKDQGFRUQHU FKHFNÀHOG 7KH VRUWLQJ FKHFN ÀHOG ZDV XVHG WR GHPDUFDWHODQJXDJHVWKDWDUHSDUWRI WKHUDQGRPVDPSOHRI
1XPEHU RI PRWKHUWRQJXHVSHDNHUV076DOOFRXQWULHVKLJKHVW
QXPEHU 7KHQXPEHURIPRWKHUWRQJXHVSHDNHUVUHSRUWHGIRUWKHODQJXDJH,IDUDQJHLVJLYHQWKLVQXPEHULVWKHKLJKHVWLPDWH




<HDURIWKLVHVWLPDWH WH[W 7KH \HDU WKH DERYH ÀJXUH ZDV HVWLPDWHG ,I QR\HDUZDVJLYHQ´µZDVHQWHUHG
,IVRXUFHLVFLWHGJLYHDXWKRUGDWH WH[W ,IJLYHQDVRXUFHRIWKHHVWLPDWHDQGGDWHIRUWKHVRXUFH,IQRVRXUFHLVJLYHQ´(µLVHQWHUHG
0DLQFRXQWU\VSRNHQLQ(´PDLQHQWU\µFRXQWU\ WH[W 7KHFRXQWU\XQGHUZKLFK WKHPDLQHQWU\IRU WKHODQJXDJH LV WR EH IRXQG7KLV LV QRW DOZD\V WKHFRXQWU\LQZKLFKWKHPRVWVSHDNHUVOLYH)RUH[DPSOH IRU(QJOLVK>HQJ@ WKHPDLQHQWU\FRXQWU\LV QRW WKDW ZLWK WKH ODUJHVW QXPEHU RI VSHDNHUV86$ EXW LV LQVWHDG WKH 8. WKH ODQJXDJH·VFRXQWU\RIRULJLQ




3HUFHQWDJH RI 076 LQ PDLQFRXQWU\ D X W R P D W L FFDOFXODWLRQ >1XPEHU RI 076 PDLQ FRXQWU\@>1XPEHU RIPRWKHUWRQJXH VSHDNHUV 076 DOO FRXQWULHVKLJKHVW@
,V WKLV ODQJXDJH HQGHPLFLQPDLQFRXQWU\" FKHFNÀHOG ,IWKHDERYHFDOFXODWLRQLVWKHODQJXDJHLVFRQVLGHUHGHQGHPLFDQGWKLVÀHOGLVFKHFNHG
(WKQRORJXH UHJLRQ PDLQFRXQWU\ G U R S  G R Z QWH[WPHQX (WKQRORJXH LV RUJDQL]HG DFFRUGLQJ WR ÀYH UHJLRQV$IULFD$PHULFDV$VLD(XURSHDQG3DFLILFIRUWKH,/'ZHVHSDUDWHGRXW$XVWUDOLDIURPWKH3DFLÀF
6XEVLGLDU\FRXQWU\ WH[W ,IVSRNHQLQPRUHWKDQRQHFRXQWU\WKHQDPHRIWKHÀUVWVXEVLGLDU\FRXQWU\OLVWHGXQGHUWKHPDLQHQWU\
1XPEHU RI 076 VXEVLGLDU\FRXQWU\ QXPEHU 1XPEHU RI PRWKHUWRQJXH VSHDNHUV LQ ÀUVW VXEVLGLDU\FRXQWU\
6XEVLGLDU\FRXQWU\ WH[W 7KHQDPHRIWKHVHFRQGVXEVLGLDU\FRXQWU\OLVWHGXQGHUWKHPDLQHQWU\
1XPEHU RI 076 VXEVLGLDU\FRXQWU\ QXPEHU 1XPEHU RI PRWKHUWRQJXH VSHDNHUV LQ VHFRQGVXEVLGLDU\FRXQWU\
6XEVLGLDU\FRXQWU\ WH[W 7KH QDPH RI WKH WKLUG VXEVLGLDU\ FRXQWU\ OLVWHGXQGHUWKHPDLQHQWU\
1XPEHU RI 076 VXEVLGLDU\FRXQWU\ QXPEHU 1XPEHURIPRWKHUWRQJXHVSHDNHUVLQWKLUGVXEVLGLDU\FRXQWU\
6XEVLGLDU\FRXQWU\ WH[W 7KHQDPHRIWKHIRXUWKVXEVLGLDU\FRXQWU\OLVWHGXQGHUWKHPDLQHQWU\
1XPEHU RI 076 VXEVLGLDU\FRXQWU\ QXPEHU 1XPEHURIPRWKHUWRQJXHVSHDNHUVLQIRXUWKVXEVLGLDU\FRXQWU\
6SRNHQLQPRUHWKDQFRXQWULHV" FKHFNÀHOG &KHFNHGLI´\HVµ
7RWDO SRSXODWLRQ RI HWKQLFJURXS QXPEHU ,I JLYHQE\(WKQRORJXH WKH WRWDO QXPEHU LQ WKHHWKQLFJURXS
3HUFHQWDJH RI HWKQLF JURXSZKRDUH076 D X W R P D W L FFDOFXODWLRQ >3HUFHQWDJH RI HWKQLF JURXS ZKR DUH 076@>1XPEHU RI PRWKHUWRQJXH VSHDNHUV 076 DOOFRXQWULHVKLJKHVW@
,VWKLVODQJXDJHDQLVRODWH" FKHFNÀHOG &KHFNHG´\HVµLI ODQJXDJHLVFRQVLGHUHGDQLVRODWHXQUHODWHGWRDQ\RWKHUODQJXDJH
(YLGHQFHRIPRULEXQGLW\" FKHFNÀHOG &KHFNHG´\HVµLI(WKQRORJXH·VGHVFULSWLRQRIWKHODQJXDJH VKRZV DQ\ LQGLFDWLRQVRIPRULEXQGLW\)RUIXUWKHUH[SODQDWLRQVHHWH[W
(YLGHQFHRIYLJRU" FKHFNÀHOG &KHFNHG´\HVµLI(WKQRORJXH·VGHVFULSWLRQRIWKHODQJXDJHVKRZVDQ\LQGLFDWLRQVRIYLJRU)RUIXUWKHUH[SODQDWLRQVHHWH[W
,V WKLV ODQJXDJH OLVWHG DV´QHDUO\H[WLQFW"µ FKHFNÀHOG &KHFNHG´\HVµLI(WKQRORJXHOLVWVWKHODQJXDJHDV´QHDUO\H[WLQFWµ
,QGH[RI/LQJXLVWLF'LYHUVLW\ 
/$1*8$*('2&80(17$7,21	&216(59$7,2192/
,VWKLVODQJXDJHSULPDULO\HQWLUHO\ VSRNHQ E\ LQGLJHQRXVSHRSOH"
FKHFNÀHOG &KHFNHGLIRXUDQDO\VLVGHWHUPLQHGWKDWWKHODQJXDJHLVVSRNHQE\DQLQGLJHQRXVSHRSOH)RUIXUWKHUH[SODQDWLRQVHHWH[W
,V WKLV ODQJXDJH SULPDULO\HQWLUHO\ VSRNHQ E\ QRPDGLFSHRSOH"
FKHFNÀHOG &KHFNHG ´\HVµ LI (WKQRORJXH GHVFULSWLRQ LQGLFDWHV WKDW WKH VSHDNHUV DUH QRPDGVPRELOH SHRSOHV
0DMRUODQJXDJHIDPLO\ G U R S  G R Z QWH[WPHQX (WKQRORJXH DVVLJQV ODQJXDJHV WRRQHRI WKH IROORZLQJ FDWHJRULHV $IUR$VLDWLF $XVWURQHVLDQ,QGR(XURSHDQ /DQJXDJH LVRODWH 1LJHU&RQJR6LQR7LEHWDQ7UDQV1HZ*XLQHDRU2WKHU
,I ´2WKHUµ VSHFLÀF ODQJXDJHIDPLO\ G U R S  G R Z QWH[WPHQX ,I WKH ODQJXDJH IDOOV LQWR WKH ´2WKHUµ FDWHJRU\LW LV DVVLJQHG WR RQH RI WKH IROORZLQJ VXEFDWHJRULHV$ODFDOXIDQ$OJLF$OWDLF$PWR0XVDQ$QGDPDQHVH $UDXQ $UDXFDQLDQ $UDZDNDQ$UWLÀFLDO /DQJXDJH $UXWDQL6DSH $XVWUDOLDQ$XVWUR$VLDWLF $\PDUDQ %DUEDFRDQ %DVTXH%D\RQR$ZERQR &DGGRDQ &DKXDSDQDQ &DULE&KDSDFXUD:DQKDP &KLEFKDQ &KLPDNXDQ&KRFR&KRQ&KXNRWNR.DPFKDWNDQ&KXPDVK&UHROH 'HDI 6LJQ /DQJXDJH 'UDYLGLDQ (DVW%LUG·V +HDG (DVW 3DSXDQ (VNLPR$OHXW *HHOYLQN %D\ *XDKLEDQ +DUDNPEHW +PRQJ0LHQ+RNDQ+XDYHDQ ,URTXRLDQ -DSDQHVH -LYDURDQ.DUWYHOLDQ .DWXNLQDQ .HUHV .KRLVDQ .LRZD7DQRDQ.ZRPWDUL%DLEDL/DQJXDJH,VRODWH/HIW0D\ /RZHU 0DPEHUDPR /XOH9LOHOD 0DFUR*H0DNX0DVFRLDQ0DWDFR*XDLFXUX0D\DQ0LVXPDOSDQ 0L[H=RTXH 0L[HG /DQJXDJH0XUD 0XVNRJHDQ 1D'HQH 1DPELTXDUDQ 1LOR6DKDUDQ  1RUWK &DXFDVLDQ 2WR0DQJXHDQ3DQRDQ 3HED<DJXDQ 3HQXWLDQ 3LGJLQ 4XHFKXDQ 6DOLVKDQ 6DOLYDQ 6HSLN5DPX 6LRXDQ6NR 6XEWLDED7ODSDQHF 7DFDQDQ 7DL.DGDL7DUDVFDQ7RUULFHOOL7RWRQDFDQ7XFDQRDQ7XSL8QFODVVLÀHG8UDOLF8UX&KLSD\D8WR$]WHFDQ:DNDVKDQ :HVW 3DSXDQ :LWRWRDQ <DQRPDP<HQLVHLDQ<XNDJKLU=DPXFRDQ=DSDURDQ
/LQJXLVWLF W\SRORJ\ 629HWF G U R S  G R Z QWH[WPHQX )RUVRPHODQJXDJHV(WKQRORJXHLQGLFDWHVWKHOLQJXLVWLF W\SRORJ\ 269 296 629 692926RU962




3ULPDU\UHOLJLRQRIVSHDNHUV G U R S  G R Z QWH[WPHQX )RU VRPH ODQJXDJHV (WKQRORJXH LQGLFDWHV WKHSULPDU\UHOLJLRQRIVSHDNHUVXVLQJWKHIROORZLQJOLVW%XGGKLVW XQVSHFLÀHG%XGGKLVW /DPDLVW&KULVWLDQ&RQIXFLDQLVP'DRLVW+LQGX-HZLVK0DQGDLVP 0XVOLP XQVSHFLÀHG 0XVOLP $OHYL 0XVOLP 6KL·D 0XVOLP 6XQQL 3RO\WKHLVW6KDPDQLVW6\QFUHWLVP7UDGLWLRQDO5HOLJLRQ=RURDVWULDQLVP
'DWDTXDOLW\UDWLQJ  X Q G H W H U PLQHG &RXQWU\ HQWULHV LQ VRPH SUH HGLWLRQV RI(WKQRORJXHFRQWDLQHGDVLPSOH$²'GDWDTXDOLW\UDWLQJ7KLVZDVGLVFRQWLQXHGLQWKHHGLWLRQEXWZHDUHUHVHUYLQJVXFKDÀHOGIRUSRVVLEOHIXWXUHXVHLQWKHGDWDEDVH
3RVVLEOHWUHQGDQRPDOLHV" FKHFNÀHOG )RUIXUWKHUH[SODQDWLRQVHHWH[W






0DLQ ODQJXDJHQDPH DV JLYHQLQ(>WKQRORJXH@ WH[W 7KHSULPDU\QDPHIRUWKHODQJXDJHDVJLYHQLQ(WKQRORJXH)RUODQJXDJHVVSRNHQLQPRUHWKDQRQHFRXQWU\(WKQRORJXHJHQHUDOO\SURYLGHVVHSDUDWHHQWULHVIRUHDFKFRXQWU\ZLWKFURVVUHIHUHQFHVEDFNWRDPDLQHQWU\ZKLFKLV XVXDOO\ XQGHU WKH FRXQWU\ ZKHUH WKH ODQJXDJHRULJLQDWHG,QVXFKLQVWDQFHVZHWRRNWKH SULPDU\ ODQJXDJH QDPH DV JLYHQ LQ WKHPDLQHQWU\DQGDOVRWRRNDOOWKHGHPRJUDSKLFLQIRUPDWLRQIURPWKHPDLQHQWU\
2OG(>WKQRORJXH@FRGH WH[W 7KHXQLTXHWKUHHOHWWHUFRGHDVVLJQHGLQSUHYLRXV HGLWLRQV RI (WKQRORJXH 7KHVH KDYHEHHQVXSHUVHGHGE\WKH,62FRGHV
XQODEHOHG ÀHOG OHIW VLGH MXVWEHQHDWKKRUL]RQWDOOLQH0DLQ FRXQWU\ VSRNHQ LQ (´PDLQHQWU\µFRXQWU\
WH[W 7KHFRXQWU\XQGHUZKLFKWKHPDLQHQWU\IRUWKH ODQJXDJH LV WR EH IRXQG7KLV LV QRW DOZD\VWKHFRXQWU\LQZKLFKWKHPRVWVSHDNHUVOLYH)RUH[DPSOHIRU(QJOLVK>HQJ@WKHPDLQHQWU\FRXQWU\LVQRWWKDWZLWKWKHODUJHVWQXPEHURIVSHDNHUV86$EXWLVLQVWHDGWKH8.WKHODQJXDJH·VFRXQWU\RIRULJLQ
XQODEHOHGÀHOGFHQWHUMXVWEHQHDWKKRUL]RQWDOOLQH(WKQRORJXHUHJLRQPDLQFRXQWU\
GURSGRZQWH[WPHQX (WKQRORJXH LV RUJDQL]HG DFFRUGLQJ WR ÀYHUHJLRQV$IULFD$PHULFDV$VLD(XURSHDQG3DFLÀFIRUWKH,/'ZHVHSDUDWHGRXW$XVWUDOLDIURPWKH3DFLÀF
3RVVLEOHWUHQGDQRPDO\" FKHFNÀHOG )RUIXUWKHUH[SODQDWLRQVHHWH[W
'HVFULSWLRQ RI ÀHOGV LQ(WKQRORJXH HGLWLRQ VRXUFH EORFNV (WKQRORJXH  (WKQRORJXH(WKQRORJXHIURPWRSWRERWWRP
1XPEHURIPRWKHUWRQJXHVSHDNHUV076DOOFRXQWULHVKLJKHVW
QXPEHU 7KH QXPEHU RI PRWKHUWRQJXH VSHDNHUV UHSRUWHGIRU WKHODQJXDJH,IDUDQJHLVJLYHQWKLVQXPEHULVWKHKLJKHVWLPDWH





1XPEHU RI PRWKHUWRQJXHVSHDNHUV 076 DOO FRXQWULHVORZHVW
QXPEHU ,I D UDQJH LV JLYHQ WKLV LV WKH ORZHVWLPDWHRIWKHQXPEHURIPRWKHUWRQJXHVSHDNHUV,IDQXPEHULVJLYHQKHUHEXWQRKLJKHVWLPDWHLV JLYHQ DERYH LW PHDQV WKDW WKLV QXPEHUUHSUHVHQWVDPLQLPXPHVWLPDWH,IQHLWKHURIIRUHJRLQJWZRFRQGLWLRQVDSSOLHVWKHÀHOGLVOHIWEODQN
<HDURIWKLVHVWLPDWH WH[W 7KH\HDU WKHDERYHÀJXUHZDVHVWLPDWHG ,IQR\HDUZDVJLYHQWKH\HDURIWKHHGLWLRQLVHQWHUHG
6RXUFHRIHVWLPDWH WH[W ,IJLYHQDVRXUFHRIWKHHVWLPDWH
XQODEHOHGFKHFNER['XSOLFDWH GDWDSRLQW FRQWUROFKHFNÀHOG
FKHFNÀHOG ,IWKHÀJXUHVUHSRUWHGLQWKLVEORFNDUHLGHQWLFDOLQERWKQXPEHURIVSHDNHUVUHSRUWHGDQGLQ WHUPV RI VRXUFH FLWDWLRQ WKHQ WKLV GDWDSRLQW LVDGXSOLFDWHDQG LVRPLWWHG IURPWKHWUHQGDQDO\VLV
 $1$/<6,6 2) 6$03/( 5(35(6(17$7,9(1(66 7KH WK HGLWLRQ RI (WKQRORJXH*RUGRQSURYLGHVJOREDOVWDWLVWLFVIRUWKUHHODQJXDJHGHPRJUDSKLFYDULDEOHVWKDWZHXVHGWRDVVHVVRXUVDPSOH·VUHSUHVHQWDWLYHQHVVODQJXDJHVL]HODQJXDJHIDPLO\DQGPDLQUHJLRQRIWKHODQJXDJH:HFRPSDUHGRXUVDPSOHWRWKHJOREDOWRWDOIRUWKHWKUHHYDULDEOHVDQGIRXQGWKDWLWLVFORVHO\UHSUHVHQWDWLYHRIWKHJOREDOGLVWULEXWLRQIRUDOOWKUHHYDULDEOHV7DEOH$
5HSUHVHQWDWLYHQHVVE\ODQJXDJHVL]HH[WLQFWODQJXDJHVH[FOXGHG
1XPEHURIPRWKHUWRQJXHVSHDNHUVSHUODQJXDJH
 ² ² ² ² ² ! 1RGDWD 7RWDO
1XPEHURIODQJXDJHV,/'VDPSOH
        
RI,/'VDPSOH         
1XPEHURIODQJXDJHVJOREDOWRWDO
        





( W K Q R O R J X H  RI JOREDOWRWDO ,/'VDPSOH  RI VDPSOH
0DMRUOJIDPLOLHV
$IUR$VLDWLF    
$XVWURQHVLDQ    
,QGR(XURSHDQ    
1LJHU&RQJR    
6LQR7LEHWDQ    
7UDQV1HZ*XLQHD    
   
2WKHUOJIDPLOLHV	FODVVLÀFDWLRQV
$ODFDOXIDQ    
$OJLF    
$OWDLF    
$PWR0XVDQ    
$QGDPDQHVH    
$UDXQ    
$UDXFDQLDQ    
$UDZDNDQ    
$UWLÀFLDO/DQJXDJH    
$UXWDQL6DSH    
$XVWUDOLDQ    
$XVWUR$VLDWLF    
$\PDUDQ    
%DUEDFRDQ    
%DVTXH    
%D\RQR$ZERQR    
&DGGRDQ    
&DKXDSDQDQ    
&DULE 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2Nature and culture as dual 
aspects of a single entity
7KH2[IRUG(QJOLVK'LFWLRQDU\R ?HUVWKHIROORZLQJGH¿QLWLRQV2('2QOLQH
Nature 
The phenomena of the physical world collectively; esp. plants, animals, and other 
features and products of the earth itself, as opposed to humans and human creations.
Culture 
The distinctive ideas, customs, social behaviour, products, or way of life of a particu-

































BOTH NATURE AND 
CULTURE ARE WHAT 
THEY ARE AS A RESULT 
OF EVOLUTION, AND 














































both have been developed through a gradual process, are curiously parallel. We 
¿QGLQGLVWLQFWODQJXDJHVVWULNLQJKRPRORJLHVGXHWRFRPPXQLW\RIGHVFHQWDQG
analogies due to a similar process of formation. The frequent presence of rudi-
PHQWVERWKLQODQJXDJHVDQGVSHFLHVLVVWLOOPRUHUHPDUNDEOH«,QWKHVSHOOLQJ
also of words, letters often remain as the rudiments of ancient forms of pronun-
FLDWLRQ/DQJXDJHVOLNHRUJDQLFEHLQJVFDQEHFODVVHGLQJURXSVXQGHUJURXSV
DQGWKH\FDQEHFODVVHGHLWKHUQDWXUDOO\DFFRUGLQJWRGHVFHQWRUDUWL¿FLDOO\E\



























THE USUAL VERSION 
IN THAT IT HAS GONE 
THROUGH NOT ONE BUT 
































540 million years ago: 
Cambrian explosion
70,000 years ago: 
out of Africa
3.9 billion years ago: 











 Figure 1: 
The Biocultural 
Tree of Life
The biological tree (in green) 
of species diversity began 
LWVGLYHUVL¿FDWLRQZLWKWKH
Cambrian Explosion around 
540 million years ago; 
the cultural tree (in red) of 
linguistic diversity began to 
diversify about 70-80,000 
years ago, near the end of 
one of the myriad branches 














































CULTURE IS MEDIATED 
NOT BY PASSING DNA 
FROM PARENT TO 
OFFSPRING, BUT BY ONE 
INDIVIDUAL LEARNING 
SOMETHING FROM 
ANOTHER, AND THIS 
TRANSMISSION IS 
GREATLY FACILITATED 
AND ACCELERATED BY 
MEANS OF LANGUAGE 


































seems to evolve by non-genetic means, and at a rate which is orders of  

























































This is the problem that bugs the reconstruction of ancestral languages such as proto-
,QGR(XURSHDQDQGPDNHVLWSDUDGR[LFDOO\KDUGHUIRUOLQJXLVWVWRGUDZSK\ORJHQHWLF



























LIKE SPECIES, SOME 




OTHERS STAND ALONE 
IN FAMILIES OF ONE 
LANGUAGES BELONGING 
TO THE SAME 
FAMILY HAVE A 
COMMON ANCESTOR, 




















Frisian is a language that is spoken in Friesland in the north of the Netherlands and is 
FORVHO\UHODWHGWRERWK'XWFKDQG(QJOLVK6FRWVLVDODQJXDJHDOVRYHU\FORVHO\UHODWHG





Number Dutch Frisian Scots English
1 een ien ane one
2 twee twa twa two
3 drie trije thrie three
4 vier fjouwer fower four
5 vijf fiif fyve five
6 zes seis sax six
7 zeven sân seiven seven
8 acht acht aicht eight
9 negen njoggen nyne nine









The names of 






































 «DVWURQJHUD ?QLW\ERWKLQWKHURRWVRIYHUEVDQG WKHIRUPVRIJUDPPDUWKDQ
could possibly have been produced by accident; so strong indeed, that no philo-
loger could examine them all three, without believing them to have sprung from 
some common source, which, perhaps, no longer exists... there is a similar reason, 
though not quite so forcible, for supposing that both the Gothic and the Celtic

















1 oinos una eka Ek ains un
2 duo duo dvi do twai/twos/twa dau/dwy
3 treis tres tri tin þreis tri/tair
4 tessares quattuor chatur car fidwor pedwar/pedair
5 pente quinque pancan panch fimf pump
6 hex sex sash chhah saíhs chwech
7 hepta septem saptan sat sibun saith
8 okto octo ashta Ath ahtau wyth
9 ennea novem navan nau niun naw





The names of 








Language Family Tree 
(after Gray et al
3URWR,QGR(XURSHDQLVWKH
inferred or reconstructed 




9,000 years ago in Anatolia 
PRGHUQ7XUNH\WKH 
language of the Neolithic 
UHYROXWLRQDQGWKH¿UVW
IDUPHUV,QGR(XURSHDQ
spread into Europe and Asia 
carried by the expansion 
of agriculture and evolved 
into the hundreds of modern 
,QGR(XURSHDQODQJXDJHV 




































































































































































































































































       LITHUANIAN













































































SOME LINGUISTS HAVE ATTEMPTED TO CONSTRUCT HIGHER-ORDER LANGUAGE 
FAMILIES, WHICH UNITE SEVERAL FAMILIES INTO A SINGLE GROUPING,  









Map 1: Global  
Biocultural Diversity 
(Stepp et al. 2004)
The diversity of languages 
EODFNGRWVVWURQJO\ 







































The extinction crises facing  
both species and languages as 




























































































































Number of languages by size 
FODVVDIWHU+DUPRQ































































































More than half the worlds 
SRSXODWLRQVSHDNVRQHRI
just two dozen languages 














































LANGUAGES GO EXTINCT 
EITHER BECAUSE THE 
ENTIRE POPULATION 
OF SPEAKERS DIES OUT 
OR, MORE USUALLY, 
BECAUSE THE SPEAKERS 
SHIFT TO A DIFFERENT 
LANGUAGE AND, 
TYPICALLY WITHIN A 
FEW GENERATIONS, 
FORGET THEIR MOTHER 
TONGUE

Himba woman, a speaker of a Niger-Congo language. he Himba are semi-nomadic pastoralists who, unlike many indigenous groups in Africa, 




























































Speakers of English only


















































































Threat Status of Languages – UNESCO and Ethnologue
/LQJXLVWVFRQVLGHUDODQJXDJHWREHHQGDQJHUHGLILWLVQRWEHLQJWUDQVPLWWHGVXFFHVV
IXOO\IURPRQHJHQHUDWLRQRIVSHDNHUVWRWKHQH[W7KLVLVYHU\JRRGUHDVRQLQJEXWLW















No one can speak the language.
Extinct: 
The language is no longer used.
Extinct in the Wild (EW):
Not applicable.
Dormant: 
The language serves as a reminder 
of ethnic identity but no proficient 
speakers remain.
Critically Endangered (CR):
Either the number of speakers is 
observed or projected to decline by 
80% or more in three generations  
(75 years); or speakers number less 
than 250 and declining by 25% or  
more in one generation (25 years);  
or speakers number less than 50.
Critically endangered:
Youngest speakers are great- 
grandparents; language not used  
on a regular basis; language only 
partially remembered.
Nearly Extinct: 
Only spoken by great-grandparent’s 
generation who have little opportunity 
to use the language.
Endangered (EN):
Either no. speakers observed or 
projected to decline by 50% or more 
in three generations (75 years);  
or no. speakers less than 2,500  
and declining by 20% or more in  
two generations (50 years); or  
no. speakers less than 250.
Severely endangered: 
Language spoken only by grand- 
parents’ and older generations; 
parents understand but do use it  
to speak to their children or  
each other.
Moribund: 
Only speakers are grandparents’ 
generation.
Definitely endangered:
Youngest speakers are parents’ 
generation; children are not using  
the language at home.
Shifting: 
Parents’ generation use the language 
among themselves but it is not being 
transmitted to their children.
Vulnerable (VU): 
Either no. speakers observed or 
projected to decline by 30% or more 
in three generations (75 years); or 
speakers number less than 10,000 
and declining by 10% or more in 
three generations (75 years); or  
speakers number less than 1,000.
Vulnerable: 
Most children speak their parental 
language as their mother first  
language, but usage is restricted 
to the home or particular social 
situations.
Threatened: 
The language is used by all genera-
tions, but it is losing users.
Near Threatened (NT): 
The language does not meet the 
criteria for CR, EN, or VU but is  
likely to do so in the near future  
(this category has not been used  
in this assessment).
Stable yet Threatened: 
The language is spoken by all 
generations in most contexts, but 
multilingualism is common and a 
more dominant language is taking 
over in some contexts.
Least Concern (LC):
The language does not fall into any of 
the categories above; speakers are 
widespread and abundant.
Safe:




The language is used by all  















categories under three 









































































Red List conservation 
status of languages and 
four vertebrate classes 
Size of each pie is 
proportional to the 
number of languages or 
species in each group 
Mammal, bird and 
amphibian data from 
,8&1UHSWLOHGDWD


















































































































language families by 
number of languages









































 The largest language 
families by number of 
speakers (millions)
(source: Lewis et al
36






























Language Families (source: Lewis et al. 2013) 
Figure 9: 
Conservation status of language 
families 





























































































Figure 10:  
Conservation status of  
languages by region  
(size of pie is proportional to the  
















































































Biogeographic Realm Location Language families analyzed in this report
Afro-tropical Sub-Saharan Africa Niger-Congo, Nilo-Saharan
Indo-Pacific South and Southeast Asia including southern 
China, Australasia and Oceania
Australian, Austro-Asiatic, Austronesian, 
Trans-New Guinea
Nearctic North America and a part of northern Mexico Na-Dene
Neotropical Latin America and the Caribbean Arawakan, Mayan, Oto-Manguean, Tupi
Palearctic Eurasia, northern Africa and the Middle East, 
Central Asia, northern China and Japan









































1970 1975 1980 1985 1990 1995 2000 2005 2010
New Guinea (incl. PNG and West Papua)
Australia
Figure 11: 
Index of Linguistic 




Global Index of  
Linguistic Diversity 
(ILD) and Living Planet 
Index (LPI)































































































































THE DIFFERENCE IN 
REGIONAL TRENDS 
BETWEEN THE SPECIES 
AND LANGUAGES CAN 
BE EXPLAINED BY THE 
DIFFERENT DIRECT 








































MIGRATION, URBANIZATION AND POLITICAL NATIONALIZATION HAVE BEEN THE 
PRIMARY DRIVERS OF LANGUAGE LOSS IN AFRICA, ASIA AND EUROPE. IN THE 
AMERICAS AND AUSTRALIA, THE PRIMARY DRIVER HAS ALSO BEEN MIGRATION, 
BUT THERE THE MIGRANTS, MAINLY EUROPEAN, VASTLY OUTNUMBERED THE 
INDIGENOUS POPULATIONS.
THE GROWING 
FOOTPRINT OF RICH 
COUNTIES AS WELL AS 
POPULATION GROWTH 
IN POOR COUNTRIES ARE 
DRIVING THE LOSS OF 
TROPICAL BIODIVERSITY 

























































DIMINISHING AS A 








BETWEEN ONE PART 



















































































Language or Species Group EX CR EN VU LC DD Total assessed
Languages (sample of 1500) 6% 7% 7% 11% 63% 5%  1.500 
Mammals (all) 1% 4% 8% 9% 63% 15%  5.506 
Birds (all) 1% 2% 4% 7% 85% 1%  10.065 
Reptiles (sample of 1500) 0% 2% 6% 7% 64% 21%  1.500 
Amphibians (all) 1% 8% 12% 10% 44% 25%  6.409 
Language Family EX CR EN VU LC DD Total assessed
Afro-Asiatic 11% 5% 4% 4% 73% 3%  75 
Altaic 0% 6% 12% 12% 65% 6%  17 
Australian 33% 41% 18% 2% 2% 4%  51 
Austro-Asiatic 0% 3% 8% 6% 81% 3%  36 
Austronesian 2% 4% 7% 17% 67% 4%  245 
Indo-European 2% 0% 2% 5% 79% 13%  104 
Niger-Congo 0% 1% 1% 4% 89% 5%  296 
Nilo-Saharan 3% 3% 0% 3% 82% 10%  39 
Sino-Tibetan 0% 1% 3% 7% 77% 11%  87 
Trans-New Guinean 2% 5% 17% 26% 45% 6%  119 
Arawakan 30% 5% 10% 20% 35% 0%  20 
Mayan 0% 7% 0% 13% 73% 7%  15 
Na-Dene 27% 36% 9% 0% 18% 9%  11 
Oto-Manguean 3% 0% 25% 8% 53% 11%  36 
Tupi 25% 13% 13% 19% 25% 6%  16 
Region EX CR EN VU LC DD Total assessed
Africa 3% 2% 2% 4% 87% 1%  402 
Americas 17% 16% 12% 14% 38% 2%  255 
Asia 2% 2% 6% 9% 77% 3%  464 
Europe 11% 5% 0% 7% 70% 7%  44 
Pacific (incl. Australia and PNG) 7% 13% 15% 26% 38% 1%  282 
Australia 32% 40% 17% 4% 6% 2%  53 
New Guinea (incl. PNG and West Papua) 1% 6% 16% 29% 48% 0%  220 
Biogeographic Realm Index Lower confidence limit Upper confidence limit
Global 28% 31% 26%
Afrotropical realm 22% 25% 19%
Indo-Pacific realm 29% 32% 26%
Nearctic realm 74% 78% 71%
Neotropical realm 73% 79% 67%
Palearctic realm 28% 34% 21%
Australia 86% 89% 82%
New Guinea (1970-2005) 41% 46% 38%
Table 6: 
Conservation status of 
languages and species 




in each Red List category.
Table 7: 
Conservation status of 
selected language 
families 
Percentage of languages in 
each Red List category.
Table 8: 
Conservation status of 
languages by region 
Percentage of languages in 
each Red List category.
Table 9: 
Index of Linguistic 
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Cashinahua girl, a speaker of a Panoan language with around 1,000 speakers, her face painted with dye from huito fruit. Near the Alto Purus 
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